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During  the  five  years  that  have  elapsed  since  the  pubHcation 
of  the  First  Edition,  so  much  work  has  been  done  in  General 
Pathology  that  the  Second  Edition  differs  materially  from  the 
original  volume.  Moreover,  during  the  interval  I  have  published 
a  '  Textbook  on  Pathological  Anatomy  and  Histology.'  Not 
only,  therefore,  has  much  of  the  matter  been  altered,  but  also 
the  entire  form  of  the  work  has  been  changed,  so  that  the 
'  General  or  Experimental  Pathology '  now  constitutes  in  large 
measure  a  complementary  volume  to  the  '  Pathological  Anatomy 
and  Histology.' 

In  the  present  volume  itself  the  most  important  changes  are 
a  great  condensation  of  the  chapter  on  the  pathology  of  oedema, 
a  remodelling  of  the  later  portion  of  the  chapter  on  infection 
and  immunity  so  as  to  include  a  description  of  the  '  side-chain ' 
theory  of  Ehrlich,  the  introduction  of  a  short  chapter  on  some 
of  the  more  important  animal  micro-parasites,  and  the  insertion 
of  a  small  number  of  illustrations  and  diagrams.  I  trust  that 
these  changes  may  prove  acceptable  to  the  reader.  That  the 
work  of  revision  has  not  proved  a  small  one,  is  perhaps  evidenced 
by  the  fact  that  the  '  Index  of  Authors  '  in  this  edition  contains 
nearly  two  hundred  more  names  than  it  did  in  the  last.  In  the 
troublesome  work  of  proof-reading  I  have  received  invaluable 
help  from  Mr.  W.  T.  Hillier,  M.E.C.S.,  L.K.C.P.,  my  first 
pathological  assistant,  and  for  this  help  I  tender  him  my  cordial 
thanks. 

W.  S.  L.-B. 

The  Cancek  Reseaucii  Ladoratorieh, 

The  Middlesex  Hospital  :  December  1903. 
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GENERAL  OR  EXPERIMENTAL  PATHOLOGY 


CHAPTEK  I 
INTBODUCTION 

Pathology  is  the  science  which  treats  of  changes  and  processes 
in  disease.  It  falls  into  at  least  two  natural  divisions  :  (1)  that 
which  deals  with  structure  (Morbid  Anatomy  and  Histology)  ; 
(2)  that  which  deals  with  function  (Morbid  Physiology,  or 
General  or  Experimental  Pathology).  For  the  body  in  disease 
must  be  studied  from  both  of  these  aspects,  just  as  the  body  in 
health. 

Our  knowledge  of  morbid  anatomy  is  more  advanced  than  our 
knowledge  of  morbid  physiology,  just  as  normal  anatomy  is  more 
advanced  than  normal  physiology.  This  must  be  so.  For  life 
and  death  do  not  make  the  same  difference  in  the  case  of  structm^e 
that  they  make  in  the  case  of  function  :  the  pancreas,  for  example, 
has  much  the  same  coarse  anatomy  whether  living  or  dead,  but 
with  its  death  its  physiology  ceases.  Function  is  bound  up  with 
life ;  and  since  life  means  incessant  change,  examination  of 
function  is  difficult  or  impossible  in  many  cases  in  which 
examination  of  structure  is  easy. 

But  this  is  not  all.  Function  is  more  complicated  than 
structure.  Structure,  so  to  speak,  obtrudes  itself  on  our  notice ; 
while  function  may  hide  itself  away,  and  only  be  discovered  after 
long  searching.  The  liver,  gall-bladder,  hepatic  ducts,  and  bile 
were  evident  to  the  ancients ;  and  it  was  natural  that  bile  forma- 
tion should  early  have  been  recognised  as  a  function  of  the  liver. 
But  a  lapse  of  more  than  two  thousand  years  separates  this 
discovery  from  that  of  Claude  Bernard,  which  taught  us  that  the 
liver  has  other  functions.  Now,  we  believe  that  the  liver  forms 
sugar,  plays  a  great  part  in  proteid  Ivatabolism,  destroys  or 
excretes  many  bacterial  and  other  poisons ;  we  are  a  little  nearer 
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than  the  ancients  to  a  full  knowledge  of  hepatic  function,  but  still 

a  great  way  off .  definition  with  which  the  chapter  . 

Health  ana  Disease,    xuc  u  difficultv 

cat  with  disease,  embracing  as  it  does  every  con- 
TvaWe  condition  which  is  not  healthy,  whether  ,t  be  on  the  side 
onnsufficiency  or  ot  excess?    In  many  points  the  variables  of 
hirhtd  of  Lease  overlap.   H  we  meet  wMi  a  --n  wh°s 
urine  we  find  sugar,  we  at  once  declare  hun  to  be  the  .object  o 
dLase,  and  in  tL  vast  majority  of  cases  we  ^ha  Hoe  r  ght^  B^^^ 
under  certain  circumstances  a  man  m  perfect  health  may  excrete 
^fl  h  sugar  in  his  urine  as  a  diabetic  P^'-'-  J 
everv  healthy  person  excretes  a  trace  at  all  times.    It  is  not, 
the  efore  strfctW  accurate  to  say  merely  from  discovery  of  suga 
n  thTnr  ne  thai  the  man  is  a  subject  of  disease.    Nor  can  we 
take  the  presence  or  absence  ot  symptoms  as  our  guide,  and  look 
™on  heaWi  as  a  mental  state  from  which  morbid  symp  oms  are 
lit ;  disease  as  a  state  associated  with  the  existence  o  moib  d 
svmptoms.    For  the  man  with  early  cancer  oi   an  aortic 
aneurysm  or  bilateral  paralysis  of  the  abductor  muscles  of  the 
ZZlt  still  the  subject  of  disease,  though  no  symptom  may 
iTv'e  him  warning  of  the  fact.    It  is  particularly  in  the  case  ot 
IZL  diseases'that  the  absence  ot  any  border  line  between 
health  and  disease  is  most  clearly  recognisable^  .I^rmsses 
them  no  period  can  be  assigned  to  their  onset,  and  health  passes 
imperceptibly  into  disease  just  as  infancy  passes  imperceptibly 

into  old  age.  ,  ^  ^ioPiQP  • ' 

It  is  therefore  useless  to  attempt  a  definition  of    disease  , 
one  cannot  define  that  which  has  no  limits.    Nor  does  it  aid  us 
to  follow  Cohnheim,  and  '  speak  of  a  disease  where _  the  regulative 
meehanisms,  acting  in  opposition  to  one  or  more  tntal 
are  no  longer  adequate  to  secure  that  the  various  /^'^^^^^ 
shall  proceed  undistiM:    For,  as  Cohnheim  allows  this  b^t 
a  paraphrase ;  it  simply  amounts  to  an  assertion  that  m  d  sease 
there  is  disturbance  of  that  state  of  equihbrium  which  we  call 
'health.'    Fortunately,  however,  a  definition  is  the  less  needed, 
since  abnormality  of  structure,  or  of  function,  or  ot  botn,  m 
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the  majority  of  cases  enables  us  with  readiness  to  recognise  the 
existence  of  special  diseases,  though  we  are  unable  to  define 
the  conception  '  disease  '  itself. 

'  Opg-anic '  and  '  Functional '  Disease.  —Diseases  are  often 
classified  as  organic  and  functional.  This  is  a  useful — at  present 
even  a  necessary —clinical  division,  but  it  is  at  the  same  time  a 
cloak  for  ignorance.  It  is  inconceivable  that  an  absolutely  normal 
cell  should  perform  its  function  abnormally.  Hence  it  must  never 
be  forgotten  that  a  functional  disease  is  only  one  in  which  we  are 
at  present  unable  to  correlate  the  abnormality  of  function  which 
we  recognise,  with  a  definite  abnormality  of  structure  ;  the  abnor- 
mality of  structure  is  there,  though  we  cannot  point  to  it.  When 
we  speak  of  organic  disease  we  mean  that  obvious  structural 
changes  exist  upon  which  functional  changes  depend. 

The  Scope  of  General  Patholog-y.— It  is  the  duty  of  general 
pathology  to  correlate  symptoms  with  structural  changes  and 
trace  the  connection  between  them.  A  patient,  we  will  say,  is 
suffering  from  shortness  of  breath,  cough  with  bloody  expectora- 
tion, pain  in  the  side  on  drawing  a  deep  breath,  dropsy  of  legs 
and  abdomen.  Morbid  anatomy  teaches  us  that  in  cases  such  as 
these  the  right  side  of  the  heart  is  dilated,  the  left  ventricle  is 
perhaps  dilated  and  hypertrophied,  the  flaps  of  the  mitral  valve 
perhaps  thickened  and  irregular  ;  it  teaches 'us,  further,  that  there 
are  changes  in  the  lungs — that  a  part  will  probably  be  found  solid 
and  engorged  with  blood— that  the  pleura  over  this  part  will  be 
inflamed.  Do  the  heart  and. lung  conditions  and  the  symptoms 
stand  to  one  another  as  cause  and  effect  ?  If  so,  which  condition 
is  primary — that  of  the  heart  or  that  of  the  lung  ?  How  have  the 
functions  of  heart  and  lung  been  modified  by  the  changes  in  their 
structure  ?  How  have  the  functions  of  parts  other  than  the  heart 
and  lung  been  affected  by  the  alterations  in  these  viscera  ?  This 
is  the  kind  of  question  that  general  pathology  attempts  to  answer. 
It  appeals  to  direct  experiment,  to  morbid  and  normal  anatomy, 
to  physiology,  to  pharmacology,  to  chemistry,  to  physics ;  and 
with  the  aid  of  these,  and,  if  necessary,  other  sciences,  it  strives, 
however  feebly  and  imperfectly,  to  trace  back  symptoms  to  their 
causes  and  to  unravel  the  processes  of  disease. 

Nor  is  general  pathology  of  a  theoretical  interest  only.  It  is  the 
one  sure  basis  for  diagnosis,  for  treatment,  for  prognosis.  It  is 
the  one  sure  basis  for  diagnosis.  A  patient  has  on  the  toe  a  small 
indolent  ulcer  which  has  penetrated  into  the  joint.  He  knows  no 
reason  why  the  ulcer  should  have  appeared;  he  does  not  re- 
member an  injury  to  the  toe ;  and  only  on  close  questioning  do 
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we  fiml,  perhaps,  that  a  few  days  before  the  ulcer  formed  he  pared 
T  co  n  and  drew  a  Httle  blood.    Withouf  the  aid  o  general 
^a  ho^;;  we  should  not  know  what  to  thmk.  ^ut  Prob^^^^^^^^^^ 
the  ulcer  looks  trivial,  we  should  regard  it  as  such.    And  yet  this 
wouM  be  a  grave  mistake,  from  which  a  knowledge  of  pathology, 
qui^e  apart  from  chnical  knowledge,  would  save  us.    For  patho- 
logy teaches  us  that  ulceration  occurs  when  the  resis  ance  of 
tissues  IS  msufficient  to  overcome  the  effects  of  an  irritant.  A 
shght  abrasion,  such  as  that  which  just  removes  the  epidermis 
and  draws  blood,  acting  upon  a  normaltissue  leads  to  no  ill  results. 
In  the  case  before  us  the  same  injury  or  irritant  leads  to  ulcera- 
tion.   The  conclusion  is  inevitable  that  our  patient  s"  tissues  offer 
a  diminished  and  not  a  normal  resistance. 

We  carry  the  matter  further  back  and  ask  ourselves  the  causes 
of  lowered  tissue  resistance.    We  find  that  they  are  summed  up 
in  the  word  '  mal-nutrition,'   and  that  mal-nutrition  implies 
amongst  other  things,  msafficiency  of  blood-supply,  or  perverted 
nervous  control  of  the  tissues,  or  both.    On  further  search  we 
find  that,  though  in  our  patient  there  is  no  evidence  that  circu- 
lation is  specially  impaired,  there  is  ample  evidence  that  nervous 
control  of  the  lower  limbs  is  abnormal.    The  patient  walks  with 
a  peculiar  gait,  and  sensation  in  the  feet  is  impaired.    Now  we 
are  on  the  right  path,  and  by  a  similar  process  of  reasonmg  we 
shall  ultimately  conclude  that  the  ulcer  is  a  manifestation  of 
disease  affecting  the  afferent  tracts  of  the  spinal  cord.    We  no 
longer  look  upon  the  ulcer  as  trivial,  but  as  having  a  terrible 
significance.    General  pathology  has  guided  us  to  the  correct 

diagnosis.  . 

It  is  the  one  sure  basis  for  treatment.    One  of  the  most  im- 
portant points  to  be  remembered  in  studying  disease- as  m  study- 
ing health— is  the  inter-dependence  of  tissues,  and  yet  it  is  a 
point  that  is  too  often  ignored.    When  a  simple  ulcer  forms  on 
the  leg  we  often  say  that  the  leg  is  diseased ;  but  when  the  ulcer 
is  syphilitic,  we  say  that  the  patient  is  diseased.    But  the  body 
generally  is  involved  in  the  case  of  a  simple  ulcer  no  less  than  m 
the  case  of  a  syphihtic  ulcer.    To  mention  only  one  point :  the 
afflux  of  blood  to  the  region  of  the  simple  ulcer  cannot  take  place 
without  inducing  a  corresponding  diminution  in  the  blood-supply 
of  other  parts.    In  both  cases,  therefore,  the  body  generally  is 
affected  as  well  as  the  leg.    But  there  is  a  difference  between 
them  ;  for,  whereas  in  the  case  of  the  simple  ulcer  the  local  con- 
.  dition'may  be  primary  and  the  general  condition  secondary,  m  the 


SCOPE  OP  GENEEAL  PATHOLOGY  5 

case  of  the  syphilitic  ulcer  the  general  condition  is,  without  doubt, 
primary  and  the  local  condition  is  secondary. 

Now  the  constant  aim  of  therapeutics  must  be  to  combat 
causes  of  disease ;  in  that  path  and  in  that  path  alone  lies  real 
success.  So  far  as  may  be,  treatment  of  mere  symptoms  must  be 
avoided.  .  And  just  as  pathology  teaches  us  that  local  treatment 
will  be  highly  beneficial  in  promoting  the  cure  of  the  simple  ulcer, 
so  it  teaches  us  that  adoption  of  the  same  course  in  the  case  of 
the  syphilitic  ulcer  is  practically  useless.  For  the  syphilitic  ulcer 
is  merely  symptomatic. 

It  is  the  surest  basis  for  prognosis.  A  clinician,  with  vast 
experience  of  his  own  and  the  accumulated  experience  of  ages, 
discerning  by  physical  examination  of  the  patient  that  Jiis  aortic 
orifice  is  contracted,  could  prophesy  the  natural  course  of  the 
disease  without  the  aid  of  pathology.  But  at  best  his  prognosis 
would  only  be  a  probable  one,  and  could'  only  be  derived  from 
knowledge  of  similar  cases.  With  the  aid  of  general  pathology, 
however,  he  might  deduce  the  course  of  the  disease  from  his 
knowledge  of  the  relations  between  cause  and  effect  in  other 
parts.  Experience  could  only  teach  him  facts  :  general  pathology 
teaches  him  the  principles  and  laws  underlying  those  facts.  It 
teaches  him  that  when  muscle  is  called  upon  to  overcome  a 
greater  but  not  an  insuperable  resistance,  it  contracts  with  more 
force  ;  that,  if  the  increased  resistance  continue  to  act,  and  the 
muscle  be  called  upon  to  contract  intermittently  so  that  it  gets 
periods  of  rest  for  anabolic  processes,  the  muscle  hypertrophies  ; 
that  hypertrophy  cannot  go  on  indefinitely,  but  only  up  to  a 
certain  point;  and  that  if  the  resistance  is  insuperable,  after  a 
few  abortive  contractions  the  muscle  refuses  to  contract.  With 
these  data  he  can  argue  with  safety  in  the  case  before  him  that 
the  left  ventricle  will  hypertrophy,  and  that  as  long  as  hypertrophy 
can  keep  pace  with  the  increased  resistance  no  symptoms  will 
arise,  but  that  a  time  will  come  when  hypertrophy  lags  behind 
and  the  effects  of  increased  resistance  begin  to  show  themselves, 
until  at  last  the  resistance  becomes  insuperable  and  the  heart 
refuses  to  contract.  He  can  apply  the  data  to  the  urinary  bladder, 
the  intestine,  the  uterus,  or  the  biceps  as  well  as  to  the  heart ; 
and  the  greater  his  knowledge  of  general  principles  in  pathology, 
the  more  confidence  will  he  be  able  to  repose  in  his  prognosis  in 
any  individual  case. 

Since,  then,  general  pathology  inquires  into  the  principles  and 
laws  of  disease,  since  it  must  serve  as  the  basis  for  diagnosis,  for 
treatment,  and  for  prognosis,  it  is  the  culminating  point  to  which 
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all  previous  medical  studies  are  directed,  and  the  sole  starting 
point  whence  a  sound  knowledge  of  medicine  and  surgery  can  be 

^^^Tut  there  are  many  subjects  in  connection  with  disease  which 
are  of  great  interest  and  importance,  which  we  are  obliged  to 
recognise,  but  concerning  which  general  pathology  can  offer  no 
explanation,  or  at  best  can  only  offer  theories.  Such,  for  example 
are  the  effects  of  season,  geographical  and  racial  distribution  of 
special  diseases,  inheritance  in  disease.  . 

The  Effects  of  Season  upon  Disease.— Medical  statistics  teach 
us  that  typhoid  fever  and  rheumatic  fever  occur  more  commonly 
during  the  months  of  August,  September,  October,  November 
than  during  any  other  months  of  the  year.    Scarlet  fever  is  most 
common  in  September,  October,  and  November.    Measles  occurs 
most  in  June  and  December,  whooping-cough  m  spring  and 
autumn  dysentery  in  summer  and  autumn,  epidemic  diarrhoea  m 
summer  and  early  autumn.    The  facts   are  clear   but  their 
explanation  is  obscure.    The  diseases  which  show  this  seasonal 
prevalence  are,  speaking  broadly,  characterised  by  their  '  infective 
nature  and  this  we  have  learned  to  associate  with  the  presence  ot 
micro-organisms.    But  of  the  diseases  mentioned  above  we  can 
only  point  to  one— typhoid  fever-in  which  evidence  as  to  a 
microbial  cause  even  approaches  to  scientific  certainty,  though  it 
is  morally  certain  that  most,  if  not  all,  of  the  others  are  also  caused 
by  micro-organisms.    Nor  is  it  known  how  the  particular  climatic 
conditions  act,  though  we  cannot  but  expect  that  the  two  condi- 
tions most  intimately  concerned  are  temperature  and  moisture. 
It  is  generally  assumed  that  certain  degrees  of  moisture  and  of 
warmth  at  those  seasons  favour  a  multiplication  of  the  micro- 
organisms, and  thus  lead  to  the  greater  incidence  of  the  specific 
diseases.   We  ignore  the  personal  element.   But  there  is  evidence 
that  the  body  itself  varies  at  different  seasons.    Kinger  observed 
that  the  antagonism  of  pilocarpin  and  muscarin  in  their  action  on 
the  frog's  heart  varies  in  different  months.    In  summer  months 
the  antagonism  is  always  strong  ;  in  winter  months  it  is  very 
sHght,  or  there  is  no  antagonism  at  all.    The  antagonism  of 
atropin  and  aconitin  shows  similar  differences.    The  peculiarity  is 
due  to  temperature  ;  for,  if  in  winter  frogs  are  kept  for  several 
days  at  15-5  C.  (60°  F.),  antagonism  becomes  well  marked  and  as 
strong  as  in  summer  months.    Giirber,  too,  found  that  the  hvers 
of  rabbits  contain  in  the  summer  months  only  about  one-third  of 
the  amount  of  glycogen  that  they  contain  in  the  winter  months, 
and  this  although  the  food  in  summer  and  in  winter  was  the 
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same.  So,  too,  in  the  case  of  one  and  the  same  disease,  season  of 
the  year  makes  a  difference.  Thus  in  acute  pulmonary  tubercu- 
losis there  is  a  seasonal  variation,  the  patient's  fever  and  the 
activity  of  the  disease  being  greater  in  hot  weatner  than  in  cold. 
Comparison  was  made  in  this  respect  between  July  and  January. 
It  is  obvious,  therefore,  that  general  pathology  cannot  at  present 
render  us  much  help  in  explaining  the  seasonal  prevalence  of 
certain  diseases. 

Geographical  and  Racial  Distribution  of  Special  Diseases.  — 
We  have  also  to  acknowledge  that  certain  diseases  show  special 
geographical  and  racial  distributions.  Chorea  is  said  to  be  un- 
known in  China ;  granular  kidney  and  renal  diseases  generally 
affect  dwellers  in  the  temperate  zones;  malaria  and  malarial 
fevers  are  principally  found  in  the  tropics.  Even  in  England- 
alone  we  see  the  same  differences.  Calculus  of  kidney  and 
bladder  is  more  common  in  Norfolk  than  in  other  counties ;  heart 
disease  is  especially  common  in  districts  which,  from  their  physical 
configuration,  are  protected  from  winds  (Haviland). 

The  influence  of  race  shows  itself  in  the  following  instances. 
The  *  sleeping  sickness '  is  a  disease  of  negroes,  but  they  are  said 
to  be  exempt  from  haemorrhoids  and  varicose  veins.  Gout  is 
'common  in  certain  races  and  communities,  but  very  rare, 
perhaps  non-existent,  in  others.  Eoughly  speaking,  it  is  a  disease 
of  the  ruling  races  and  the  higher  classes ;  of  the  civilised  man, 
not  of  the  savage ;  of  the  white  man,  not  of  the  negro ;  of  cold 
and  temperate  rather  than  of  hot  climates'  (Beddoe).  Yellow 
fever,  in  the  countries  where  it  is  endemic,  spares  the  negro  and 
attacks  the  foreigner,  especially  the  northern  European.  But 
here  we  have  to  do  with  susceptibility  and  immunity,  a  subject  so 
important  that  it  will  need  special  discussion. 

Inheritance  in  Disease. — One  of  the  most  certain,  but  at  the 
same  time  one  of  the  most  inexplicable,  of  facts  connected  with 
disease  is  inheritance.  There  is  no  doubt  that  insanity,  haemo- 
philia,  deaf-mutism,  gout,  rheumatism,  diabetes,  the  occurrence  of 
certain  structural  malformations,  &c.,  show  a  marked  tendency  to 
run  in  families.  Sometimes  male  and  female  descendants  are 
affected  indiscriminately.  This  is  well  shown  in  a  case  reported  by 
Ebstein,  in  which  there  was  an  inherited  tendency  to  malforma- 
tion of  the  toes  and  fingers.  Below  is  given  the  genealogical  tree 
of  the  family,  the  affected  members  being  marked  with  an 
asterisk,  and  '  M  '  and  '  F  '  standing  for  '  male  '  and  '  female ' 
respectively. 
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Genealogical  tree  of  a  family  showing  inheritance  of  malformation  of 

fingers  and  toes. 
-p* 

I 

F 


M 


M* 


M* 


M*     M*     M     M     F  F 


F*     F*     M*     M*     M*t  F* 


M*    F*    M*    M*    F*      F*  M 
+  Wife  had  been  previously  married,  and  bore  normal  children  to  her  first  husband. 

The  same  indiscriminate  affection  of  male  and  female  descend- 
ants occurred  in  the  following  genealogical  tree  of  a  family  in 
which  deaf-mutism  was  an  hereditary  condition. 

Genealogical  tree  of  a  deaf-mute  family  (Bell). 


0=0 


•    •  • 


I     I     I  i 
•  00000 

O  indicates  a  hearing  person,  •  a  deaf-mute,  =  indicates  marriage. 

Sometimes  the  transmission  is  of  a  peculiar  kind.  Thus, 
haemophilia  is  a  disease  which  eminently,  though  not  exclusively, 
affects  males,  but  it  is  not  transmitted  by  the  males  of  a  family 
who  suffer,  but  by  the  females  who  do  not  suffer  or  suffer  only 
slightly. 

Genealogical  tree  of  a  hcemophilic  family.' 


M*  F*  F  • 

1  I  . 

F?  1  1 

  I  M*  F  ? 

I  \  1  _J  

M        M         F  I  I 

 I  Daughters  Sons* 

I         I  I 
M        M*  M* 

'  Recorded  by  Schrey  and  cited  by  Grandidier  (Schmidt's  Jahrbilcher,  &0; 
vol.  cxvii.,  1863,  p.  330).    As  Schrey  himself  was  a  member  of  the  family,  the  record 
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We  must,  therefore,  not  expect  too  much  from  general  patho- 
logy ;  it  is  still  groping  in  the  dark  in  many  directions.  Experi- 
ence tells  us  a  multitude  of  facts  for  which  pathology  can  as  yet 
offer  no  explanation  or  one  which  is  only  in  part  satisfactory^ 
This  will  always  be  so,  for  there  are  no  more  difficult  classes 
of  question  to  ansWer  than  those  which  ask  '  Why  ?  '  and  '  How  ?  ' 
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possesses  especial  claims  to  accuracy.  It  will  be  noted  that  no  descendants  of  males 
are  found  in  the  record;  the  reason  of  this  probably  lies  in  the  fact  that  male  bleeders 
usually  die  before  they  have  attained  manhood.  '  M  '  and  '  F,'  as  in  the  previous 
case,  stand  for  '  male '  and  '  female,'  an  asterisk  marks  a  person  definitely  hEemophilic, 
a  note  of  interrogation  marks  a  person  in  which  the  bleeding  tendency  was  present, 
but  only  to  a  slight  degree.  A  good  genealogical  tree  of  a  bleeder  family  is  given  in 
Allchin's  System  of  Medicine,  vol.  ii. 
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CHAPTEK  II 

VEGETABLE  MIGBO-OBGANISMS, 
WITH  ESPECIAL  BEFEBENCE  TO  THE  BACTEBIA 

Synopsis. 

I.  Classification  and  Characteristics.       '  (vi)  Effects  on  Bacteria  and  their 

II.  Structure  and  Chemistry.  Products  of   Physical  and 

III.  Vital  Properties  of  Bacteria.              \  Chemical  Agents 


(i)  Eeproduction. 

(ii)  Motility. 

(iii)  Aerobiosis  and  Anaerobiosis. 

(iv)  Saprophytism  and  Parasitism. 

(v)  Products  of  the  Life  History 

of  Bacteria. 


(vii)  Variability  of  Bacteria. 

(viii)  Symbiosis, 
(ix)  Antagonism. 

(x)  Pathogenicity. 

(xi)  Specificity. 


It  was  not  until  the  year  1873,  when  Obermeier  discovered  ni 
the  blood  of  persons  suffering  from  relapsing  fever  a  mmute 
motile  spiral  micro-organism,  that  it  became  necessary  to  refer 
to  these  organisms  in  works  upon  pathology  or  medicme.    It  is 
true  that  so  long  ago  as  1701  Andry  had  suggested  the  causal 
relation  between  them  and  disease  ;  that  in  1835  Bassi  demon- 
strated that  a  fungus  is  the  cause  of  muscardine,  a  disease  fatal 
to  silkworms  ;  that  Davaine  in  1863  claimed  to  have  proved  that 
a  micro-organism,  now  known  as  Bacillus  anthracis,  is  the  cause 
of  a  disease  particularly  fatal  to  cattle  in  certain  portions  of 
Europe  ;  and  that  a  little  later  Pasteur  proved  that  '  pebrine,' 
another  silkworm   disease,   depends  upon   a  micro-organism 
(animal)  which  he  constantly  found  present  in  -the  bodies  of 
silkworms  sick  with  or  dead  of  the  disease.    But,  in  spite  of  the 
commercial  value  of  the  results  obtained  by  Bassi,  Davaine,  and 
Pasteur,  the  facts  they  had  discovered  were  isolated,  and,  above 
all,  so  far  as  could  be  seen  at  that  time,  had  no  more  than  a 
potential  value  for  human  pathology.    When,  however,  Obermeier 
made  his  discovery,  and  when  in  1877  Koch  brought  forward 
conclusive  evidence  that  Davaine's  micro-organism  is  really  the 
cause  of  anthrax,  then  it  became  clear  that  micro-organisms  are 
of  more  importance  in  nature  than  for  the  purpose  of  deciding 
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mere  theoretical  questions  such  as  that  of  '  spontaneous  genera- 
tion ' — a  question  which,  it  may  be  noted  in  passing,  they  had, 
by  the  time  of  which  we  are  speaking,  conclusively  answered  in 
the  negative. 

I.  Classification. — The  vegetable  micro-organisms  with  which 
we  are  concerned  are  fungi.  Fungi  have  been  classified  in  various 
ways  by  different  authors.  The  division  which  will  be  adopted 
here  is,  fundamentally,  that  of  Nageli,  and  is  as  follows : — 

I.  Hyphomycetes,  or  true  moulds.    This  class  includes  the 
streptothricese  as  one  of  its  lower  genera. 
II.  Blastomycetes,  or  budding  fungi  or  yeasts. 

/  Staphylococcus . 

/  Micrococci  Streptococcus. 

Diplococcus. 


III.  Schizomycetes,  or  fission 
fungi 


Sarcina. 
Bacilli. 

Spirilla.  Vibriones. 


Of  these  groups,  by  far  the  most  important  to  pathology  at 
the  present  day  is  that  of  the  Schizomycetes,  and  they  will 
consequently  receive  the  greater  amount  of  attention  in  this 
chapter.  Since,  however,  many  of  the  characteristics  of  the 
Schizomycetes  are  common  to  the  rest  of  the  fungi,  statements 
made  may  be  taken  as  true  for  the  whole  of  the  fungi,  unless 
anything  be  said  directly  to  the  contrary. 

The  moulds  are  characterised  by  the  existence  of  a  mycelium 
or  branched  network  of  hyphse.  In  some  cases  these  hyphae  are 
divided  into  numbers  of  cells,  in  others  the  mycelium  is  uni- 
cellular. The  moulds  form  spores,  which  are  borne  on  the  end  of 
aerial  hyphte.  Very  few  of  the  higher  mould  fungi  are  causes  of 
disease,  though  Aspergillus  niger  is  an  exception.  Hence  they 
do  not  call  for  detailed  consideration  here.  The  streptothricese, 
however,  have  recently  been  brought  into  prominence  by  the 
fact  that  several  members,  pathogenetic  and  non-pathogenetic, 
have  been  described.  Of  these  Actinomyces  hovis  may  be  taken 
as  a  type.  They  consist  of  a  fine  branching  mycelium — the 
branching  being  lateral — and  they  possess  an  aerial  special  mode 
of  reproduction  which  may  or  may  not  be  conspicuous.  Fre- 
quently the  hyphse  break  up  into  bacillary  forms,  a  condition  to 
which  further  reference  will  be  made  when  considering  pleo- 
morphism.  In  this  class  '  chain-sporulation '  (p.  17)  is  of  very 
common  occurrence. 
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The  blastomycetes  or  yeasts,  the  best  known  example  of 
which  is  Torula  or  Saccharomyces  cerevisim,  are  budding  fungi. 
The  cells  of  which  the  organism  is  composed  are  spherical  ; 
though  the  greater  number  of  the  cells  are,  approximately,  of 
one-  size,  yet  there  is  not  the  uniformity  that  one  meets  with 
in  the  case  of  the  micrococci,  while  the  yeast  cell  is  con- 
siderably larger  than  even  the  largest  micrococcus.  The  blasto- 
mycetes have  recently  become  important  from  a  pathological 
point  of  view  because  certain  appearances  which  are  found 
in   malignant  new  growths   particularly,  but   have  also  been 


Fig.  1. —Hanging  Drop  Cultivation  of  a  Higher  Mould  Fungus,    x  400. 

In  the  centre  of  the  mass  are  several  oval  spores  which  have  germinated  and 
given  rise  to  the  interlacing  meshwork  of  branching  hyphaj.  The  figure 
serves  as  a  type  for  all  forms  of  germinating  spores  with  the  difference 
that  in  some  cases  [e.g.  higher  mould  fungi  including  streptothricese)  the 
resulting  hyphse  are'  branched,  in  others  {e.g.  B.  anthracis)  they  are 
unbranched. 

described  in  variola  and  vaccinia,  syphilis,  and  some  other 
conditions,  have  been  held  to  indicate  a  blastomycetic  origin  of 
these  diseases.  The  matter  is  very  uncertain,  and  is  further 
complicated  by  the  fact  that  these  or  very  similar  appearances 
have  been  regarded  by  others  as  animal  parasites,  and  by  yet 
others  as  artificial  products  of  cells.  The  subject  in  its  special 
bearing  will  be  considered  more  fully  when  the  aetiology  of  the 
new  growths  is  being  discussed. 

Micrococci  are  spherical  organisms,  the  spheres  measuring  on 
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an  average  'Tyu,  in  diameter.  They  are  divided  into  classes  accord- 
ing to  the  manner  in  which  they  grow.  The  staphylococci  are 
so  called  because  they  grow  in  heaps  which  have  been  likened  to 
bunches  of  grapes.  Streptococci  are  so  called  because  they  form 
chains  or  chaplets.  Diplococci  are  very  closely  allied  to  strepto- 
cocci, and,  as  their  name  implies,  are  met  with  in  pairs  ;  in  many 
instances  a  transparent  capsule  surrounds  each  pair  of  cocci, 
which,  however,  is  lost  on  artificial  cultivation  of  the  diplococcus 
outside  the  body.  Sarcinae,  so  called  from  their  likeness  to  bales 
of  wool  tied  in  directions  at  right  angles  to  one  another,  are 
micrococci,  in  which  division  takes  place  in  three  planes. 

Bacilli  are  rods,  and  it  is  essential  that  one  diameter  should 
be  greater  than  the  other.  The  difference  between  the  two 
diameters  varies  very  greatly ;  in  the  case  of  B.  j^rodigiosus,  the 
two  diameters  are  so  closely  alike  that  for  many  years  the  micro- 
organism was  regarded  as  a  micrococcus  ;  in  the  case  of  B.  tuber- 
culosis the  average  length  (2-5/a)  is  twelve  times  the  breadth  (-2/*). 
The  actual  size  of  bacilh  varies  very  considerably,  some  of  the 
largest  varieties  being  visible  with  ^in.  objective,  while  most  of 
the  pathogenetic  bacilli  can  only  with  difficulty  be  seen  with  a 
|in.  objective,  and  require  yVin.  immersion  lens  for  proper  investi- 
gation. Even  with  this  magnification  and  a  correspondingly  high 
eye-piece  the  influenza  bacillus  is  very  minute  (length  ■5/jb). 

Spirilla,  as  their  name  implies,  are  spiral  micro-organisms. 
The  number  of  turns  in  the  spiral  is  very  variable.  In  the  case 
of  the  vibriones  the  spiral  nature  is  only  evident  by  so  slight  a 
curve  that  one  of  the  family  (F.  cholerce  asiaticce)  was  originally 
named  by  Koch  the  '  comma  bacillus.'  On  cultivation  the  vibriones 
may  revert  to  the  true  spirillar  form.  In  those  spiral  forms  which 
are  known  as  spirochaeta,  and  which  are  commonly  to  be  found 
in  water,  as  many  as  thirty  complete  turns  of  the  spiral  may 
occur. 

The  manner  in  which  bacilli  are  arranged  depends  largely  but 
not  entirely  upon  the  rapidity  of  their  growth.  Some  bacilli,  e.g. 
B.  anthracis,  B.  filamentosus,  have  a  natural  tendency  upon 
artificial  cultivation  to  grow  out  into  long  threads  frequently 
composed  of  scores  of  individual  bacilli ;  others,  e.g.  B.  typhosus, 
have  but  slight  tendency  to  form  threads,  and  at  utmost  two  or 
three  are  joined  together  end  to  end. 

During  the  last  few  years  an  attempt  has  been  made  by 
Lignieres  and  others  to  separate  from  the  bacteria  generally  a 
group  of  micro-organisms  which  have  been  named  '  Pasteurella.' 
These  bacteria  are  ovoid  in  form  and  am  sometimes  spoken  of  as 
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'  cocco-bacilli : '  they  do  not  grow  well  on  ordinary  culture  media, 
and  are  non-liquefying,  non-sporing,  and  aerobic  ;  they  have  cer- 
tain resemblances  to  members  of  the  B.  coli  group,  but  are  motion- 
less and  do  not  stain  so  well,  neither  do  they  coagulate  milk.  On 
the  other  hand  they  agree  with  them  in  refusing  to  stam  by 
Gram's  method.  The  group  is  important  in  that  its  members 
produce  an  intense .  hjemorrhagic  septicaemia  in  animals.  Such 
diseases  have  received  various  names  (typhoid  of  dogs,  fowl 
cholera,  swine  plague,  &c.),  but  it  is  suggested  that  they  should 
all  be  included  under  the  one  name  of  '  Pasteurellosis.'  It  is  not 
known  whether  any  forms  of  htemorrhagic  septicaemia  in  man 
come  into  the  group,  but  pasteurella.  of  sheep,  goats,  dogs,  oxen, 
and  horses  have  already  been  described. 

In  addition  to  the  definite  forms  that  have  been  mentioned 
above,  it  is  certain  that  the  infective  agent  is  in  some  cases  even 
smaller.  Thus  in  foot-and-mouth  disease  the  infective  agent  is 
so  small  that  it  can  pass  through  the  pores  of  a  porcelain  filter. 
The  actual  characters  of  the  cause  of  this  disease  are  unknown, 
but  all  other  bacteria  with  which  we  are  acquainted  are  unable  to 
pass  through  such  a  filter. 

II.  Structure  and  Chemistry  of  Bacteria.— The  question  of 
the  intimate  structure  of  bacteria  has  been  investigated  most  fully 
in  the  case  of  the  bacilli,  but  even  here  there  is  not  complete 
agreement  among  authors.  One  of  the  chief  points  of  disagree- 
ment is  with  regard  to  the  presence  or  absence  of  a  nucleus. 
Nakanishi,  who  has  investigated  the  matter  very  fully,  holds  that 
all  bacteria  consist  of  a  cell  body  with  a  small  round  or  oval 
nucleus.  The  cell  body  is  divided  into  a  darkly  staining  ectoplasm 
and  a  Hghtly  staining  endoplasm,  and  is  surrounded  by  a  thm 
smooth  transparent  cell  membrane  which  often  secretes  a  mucous 
envelope.  In  some  bacteria  and  under  certain  conditions  granules 
are  found,  which  have  been  the  subject  of  much  discussion  (meta- 
chromatic granules— Babes-Ernst  granules) ;  their  significance  is 
unknown,  but  although  some  authors  are  inclined  to  correlate 
them  with  virulence,  this  view  is  probably  incorrect. 

The  bacteria  consist  largely  of  protein,  and  in  the  case  of 
several  varieties,  including  B.  hiberculosis  and  B.  dijMierice  and 
'  numerous  bacteria  of  the  faeces,  Bendix  succeeded  in  separating 
pentoses.  In  tubercle  bacilH  there  is  also  a  large  amount  of  fat 
(according  to  some  authors  as  much  as  40  per  cent.)  consisting 
chiefly  of  tripalmitin,  tristearin,  and  lecithin.  About  half  of  the 
ash  of  B.  tuberculosis  consists  of  phosphoric  acid,  but  the  amount 
of  this  substance  probably  varies  in  different  species. 
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III.  Vital  Properties  of  the  Bacteria.^ — (i)  Reproduction. 

One  of  the  most  noticeable  facts  concerning  the  bacteria  is  the 
rapidity  of  their  multiplication.  Under  suitable  conditions  it  is 
so  rapid  that  a  fluid  which  contained  so  few  micro-organisms  as 
to  be  perfectly  limpid,  in  the  course  of  twenty-four  hours  becomes 
cloudy  or  even  quite  turbid  from  the  numbers  present.  The 
methods  of  reproduction  of  the  bacteria  are  essentially  two,  viz. 
direct  division  and  spore-formation.  In  direct  division  (it  is  from 
the  constancy  with  which  this  characteristic  is  present  that  the 
schizomycetes  or  fission  fungi  are  so  called)  the  bacterial  cell, 
whether  bacillus,  micrococcus,  or  spirillum,  simply  divides  trans- 
versely into  two ;  these  agajin  subdivide  transversely,  and  con- 
sequently multiplication  after  this  method  goes  on  in  geometrical 
progression.  No  case  is  known  in  which  a  bacterium  divides  at 
a  given  time  into  more  than  two  segments.  Division  occurs  in 
some  cases  by  the  formation  of  a  shght  constriction  in  the  wall 
of  the  micro-organism  which  divides  it  approximately  into  two 
equal  segments  ;  at  this  point  a  septum  is  formed  and  division  is 
complete ;  in  other  cases  no  constriction  appears,  but  only  a 
septum.  The  two  daughter  bacteria,  after  growing  to  the  size  of 
the  parent  cell,  again  subdivide  in  the  same  manner.  Those 
authors  who  recognise  the  existence  of  a  nucleus  describe  fission 
as  being  initiated  by  an  amitotic  division  of  the  nucleus. 

If  the  conditions  for  growth  are  very  favourable,  the  daughter 
cells  may  subdivide  before  reaching  the  size  of  the  parent  cell. 
Under  these  circumstances  the  final  product  is,  for  a  time,  a 
smaller-sized  variety  than  the  original ;  but  when,  owing  to  the 
rapid  growth  and  the  consequent  diminution  in  the  amount  of 
nutriment  available,  the  conditions  have  become  less  favourable, 
the  length  of  time  between  two  consecutive  divisions  is  increased, 
the  period  of  growth  previous  to  division  is  longer,  and  the  healthy 
descendant  is  apparently  similar  in  every  respect  to  the  healthy 
parent.  This  condition  is  particularly  noticeable  among  the 
bacilli,  and  the  amount  of  difference  produced  may  be  remarkable. 
In  the  case  of  the  micrococci  it  is  not  known  to  occur,  and,  there- 
fore, on  microscopic  examination  all  the  micrococci  in  a  culture 
are,  as  has  already  been  said,  of  the  same  size.  Eapidity  of 
growth,  however,  is  not  without  effect  upon  the  characteristics 
of  certain  of  the  micrococci,  viz.  the  streptococci.  It  is  fre- 
quently noticed  that  the  number  of  cocci  which  go  to  form  a 

'  The  term  '  bacteria  '  is  a  loose  but  convenient  one,  under  which  are  included  all 
varieties  of  fungous  vegetable  micro-organisms,  excepting  perhaps  the  true  moulds  and 
the  yeasts. 
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chain  is  less  according  as  the  rapidity  of  growth  is  greater  ;  more- 
over it  is  obvious  that  the  appearance  of  a  coccus  in  the  act  ot 
division  is  similar  to  that  of  a  diplococcus,  and  in  a  rapidly  growing 
culture  of  streptococci  (or  of  staphylococci)  the  number  of  diplo- 
coccus-forms  is  apt  to  be  greater  than  m  the  case  of  a  culture 
which  has  grown  less  rapidly,  owing  perhaps  to  exposure  to  a 
less  favourable  temperature.  .    •,     ^  • 

The  rate  at  which  division  takes  place  m  bacteria  varies  very 
considerably,  and  according  to  a  variety  of  circumstances,  such  as 
composition  of  nutrient  culture-medium,  temperature,  presence  or 
absence  of  oxygen,  &c.    The  consequence  is  that  bacteria  have 
apparently  very  varied  rates  of  growth :  thus  B.  tuberculosis  re- 
quires several  weeks  to  present  as  copious  a  growth  as  is  presented 
by  B.  subtiMs  in  twenty-four  hours.    At  first  sight  one  might 
conclude  that  this  implies  a  difference  in  the  rate  of  division  of 
the  two  bacilli,  quite  apart  from  the  circumstances  under  which 
the  two  micro-organisms  are  placed,  but  it  is  qmte  as  possib  e 
that  the  difference  lies  in  the  fact  that,  whereas  a  highly  suitable 
culture-medium  has  been  discovered  for  B.  subtihs,  so  smtable  a 
medium  has  not  yet  been  discovered  for  B.  tuberculosis,  and, 
therefore,  that  comparison  in  this  respect  is  not  justifiable.  In 
the  case  of  B.  subtilis  fission  is  complete  in  about  twenty  mmutes. 
Hence  if  division  were  to  proceed  in  geometrical  progression  at 
this  rate  for  seven  hours  only,  the  progeny  of  each  bacillus 
would  number  over  a  million. 

So  far  as  the  plane  of  division  is  concerned  micrococci  can 
apparently  divide  in  any  plane ;  amongst  the  bacilli,  division  m 
the  long  axis  has  not  been  proved  to  exist,  though  it  has  been 
described,  but  there  is  no  doubt  concerning  the  frequency  ot 
division  in  the  short  axis. 

Beproduction  by  spore-formation  is  a  special  method  whereby 
the  persistence  of  the  species  is  assured.    It  is  not  known  to 
occur  among  either  the  staphylococci,  streptococci,  or  the  sarcmae, 
occurs  but  rarely  and  in  a  special  form  among  the  blastomycetes, 
is  fairly  common  but  by  no  means  invariable  among  the  bacilh, 
and  is  the  rule  among  the  true  moulds.    From  the  point  of  view 
of  pathology,  spore-formation  in  the  bacilli  is  of  most  importance, 
and  bacilli  have  been  divided  into  two  classes,  sporog-enous  and 
asporog-enous,  according  as  they  do  or  do  not  form  spores.  As 
examples  of  sporogenous  bacilli  may.  be  given  B.  anthracis  and 
B.  tetani,  while  B.  typhosus  and  B.  diphtherias  are  examples  of 
asporogenous  baciUi.    Spores  in  the  case  of  bacilli  are  formed 
'  endogenously,'  that  is  to  say,  in  the  body  and  at  the  expense  of 
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the  protoplasm  of  the  bacilli.  They  are  oval  or  occasionally 
spherical,  highly  refractile  bodies,  whose'  short  diameter  is 
frequently  greater  than  the  short  diameter  of  the  bacillus  in 
which  they  lie,  and  which  is  therefore  stretched  by  them.  One 
spore  only  is  contained  in  each  bacillus,  and  the  position  which  it 
holds  differs  in  different  species,  but  is  remarkably  constant  for  the 
same  species.  In  most  cases  the  spore  is  central  {B.  Megatherium) 
or  slightly  nearer  to  one  end  of  the  bacillus  {B.  anthracis),  but  in 
some  cases  the  spore  is  situated  at  the  extreme  end  of  the  bacillus 
(B.  tetani),  and  gives  rise  to  a  drumstick  appearance. 

In  the  blastomycetes  the  only  form  of  spore-formation  that  is 
known  is  ascosporous.  In  this  case  one  of  the  spherical  cells 
forming  the  yeast  enlarges,  divides  by  septa  at  right  angles  to 
one  another  into  four  cells,  which  become  rounded  off,  and  finally 
come  to  lie  loose  in  a  sac  (ascus)  formed  by  the  original  outer 
covering  of  the  mother  cell.  In  the  case  of  both  endospores  and 
ascospores  the  spores  are  set  free  by  the  dissolution  or  bursting  of 
the  membrane — bacillus  or  ascus — which  contains  them. 

In  cultures  of  streptococci,  and  to  a  less  degree  in  cultures  of 
staphylococci,  it  is  frequently  noticed  that  one  or  more  of  the 
cocci  is  larger  and  stains  more  deeply  than  its  neighbours.  It  has 
been  supposed  that  these  large,  darkly  staining  elements  are  of 
the  nature  of  spores,  but  of  this  there  is  at  present  no  proof. 

In  the  case  of  the  streptothriceEe  and  other  higher  members  of 
the  group  of  fungi  a  form  of  reproduction  is  known  which  bears 
close  resemblances  to  the  formation  of  spores  as  they  have  been 
described  above.  In  such  micro-organisms  filaments  may  be  seen 
to  have  become  completely  converted  into  a  number  of  spherical 
or  ovoid  forms  which  resemble  chains  of  streptococci  very  closely 
in  many  instances.  Hence  the  condition  is  termed  '  chain-sporula- 
tion.'  As  the  bodies  so  formed  are  not  produced  endogenously, 
and  as,  in  addition,  they  differ  from  true  spores  in  respect  of  stain- 
ing reactions,  resistance  to  heat,  &c.,  they  are  better  termed 
'  spore-bodies.'  In  point  of  function  and  in  method  of  germina- 
tion, however,  both  varieties  of  resting  form  are  identical. 

Concerning  the  conditions  of  spore-formation  but  little  more 
is  known  than  that  it  is  in  most  cases  dependent  upon  the  presence 
of  a  free  supply  of  oxygen,  and  that  by  the  adoption  of  certain 
means  it  may  be  kept  in  abeyance  for  a  longer  or  shorter  period. 
Thus  in  a  broth  cultivation  of  B.  anthracis  spore-formation  is 
far  more  copious  on  the  surface  of  the  fluid  than  in  the  depth  ;  in 
fact,  Klein  asserts  that  spore-formation  docs  not  occur  in  B.  an- 
thracis except  in  the  presence  of  free  oxygen,  and  therefore  does 
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not  occur  at  all  in  the  depth  of  a  broth  cultivation.  Jacobitz, 
too  asserts  its  absence  when  the  micro-organism  is  grown  m  pure 
nitrogen  without  a  trace  of  oxygen.  Be  this  as  it  may  it  is 
certain  that  by  adding  small  quantities  of  carbohc  acid  (-04  per 
cent )  or  potassium  bichromate  to  the  culture-medium,  or  by  grow- 
ing the  bacillus  at  an  elevated  temperature  (42-5°  C),  it  is  possible 
to  obtain  a  variety  of  B.  anthracis  which  for  an  mdefinite  number 
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Fig.  2. — Chain-sporulation. 
To  show  the  breaking  up  of  the  mycelial  hyphse  of  a  higher  mould  fungus 
(the  same  as  in  fig.  1)  into  spore-bodies  and  the  subsequent  breakmg  up 
of  the  chains.  The  spore-bodies  stain  with  Gram's  method,  unlike  true 
spores,  but  not  all  are  equally  stained.  In  the  chain-sporulation  of  the 
streptothricefB  not  only  are  the  mycelial  filaments  much  finer  but  also 
the  spore-bodies  themselves  are  round  and  not  oval. 

of  generations  forms  no  spores  so  long  as  the  artificial  conditions 
are  kept  up,  and,  indeed,  may  have  lost  the  power  of  forming 
spores  when  again  transferred  to  normal  culture-media  and  normal 
limits  of  temperature.  No  case  of  spore-formation  is  known  to 
take  place  in  the  animal  body,  even  in  the  case  of  bacilH  which 
are  known  to  form  spores  readily  outside  the  body.  Schreiber 
considers  that  conditions  which  produce  a  sudden  check  to  a 
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growth  which  is  going  on  rapidly  and  under  favourable  conditions, 
are  particularly  favourable  for  the  rapid  and  full  formation  of 
spores  ;  such  hindering  conditions  are  best  attained  by  adding 
sodium  ca,rbonate,  magnesium  sulphate,  sodium  chromate,  or  even 
distilled  water  to  the  culture  during  growth.  He  also  finds  that 
the  presence  of  oxygen  is  necessary  for  spore-formation  among 
aerobic  bacteria.  In  the  case  of  sporogenous  anaerobic  bacilli 
this  condition,  of  course,  cannot  come  into  play,  unless  w^e  agree 
with  Fermi  and  Bassi  that  no  micro-organism  has  yet  been  de- 
scribed which  can  grow  in  the  complete  absence  of  oxygen.  To 
the  latter  point  we  shall  return  later. 

(ii)  Motility.— Many  of  the  lower  forms  of  vegetable  life  are 
actively  motile,  but  the  motihty  varies  in  degree  and  in  kind.  In 
the  group  of  organisms  now  under  consideration  motihty  is 
almost  confined  to  the  bacilh  and  the  spirilla:  true  moulds, 
staphylococci,  streptococci,  sarcinse,  are  motionless  with  the  excep- 
tion of  Micrococcus  melitensis  and  Micrococcus  agilis.  Though  all 
spirilla,  including  therewith  the  vibriones,  are,  at  some  period  or 
other  of  their  existence,  motile,  the  bacilh  do  not  show  a  constant 
rule  in  this  respect ;  thus  B.  typhosus  is  actively  motile,  B. 
anthracis  is  always  motionless.    Motility  in  the  case  of  micro- 
organisms is  carried  out  by  means  of  flagella,  which  are  fine  fila- 
ments attached  to  the  body  of  the  bacterium  or  to  its  outer  coat. 
The  number  of  flagella  on  a  micro-organism  varies  very  largely, 
and  is  by  no  means  constant  for  one  and  the  same  species,  though 
certain  broad  statements  may  be  made  as  to  the  number  of 
flagella  which  a  given  species  of  bacterium  possesses.    The  length 
of  the  flagella  also  varies,  but  in  most  cases  the  flagella  are  indi- 
vidually longer  than  the  bacterium  to  which  they  are  attached, 
and  in  many  instances  they  are  two  or  three  times  that  length. 
Composite  flagella  have  also  been  described,  and  these  may  be 
fifty  or  sixty  times  the  length  of  the  bacillus,  and  are  arranged  in 
a  zigzag  fashion.    Speaking  generally,  however,  the  flagella  of 
spirilla  and  vibriones  are  shorter  than  the  flagella  of  bacilh.  The 
degree  of  motility  of  the  micro-organism  bears  no  evident  ratio 
to  the  number  of  the  flagella  present ;  the  vibriones,  which  are 
very  actively  motile,  are  provided  with  one,  or  at  most  two, 
flagella  attached  to  one  end  of  the  vibrio,'  but  on  the  other  hand 
the  sluggishly  moving  B.  tetani  can  be  seen  on  appropriate  stain- 
ing to  be  surrounded  on  all  sides  by  so  many  flagella  as  to  form  a 
somewhat  dense  network.    In  the  case  of  the  spirilla,  too,  the 
same  lack  of  ratio  is  also  visible  ;  though,  as  a  rule,  all  varieties  of 

'  Vibriones  are  occasionally  seen  bearing  flagella  at  both  ends. 
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spirilla  are  provided  with  one  or  two  flagella  at  either  end,  the 
difference  in  the  rate  of  progression  of  different  varieties  of  spirilla 

is  very  marked.  ^         n  n 

The  motion  which  is  impressed  upon  a  bacillus  by  its  flagella 
is  different  from  that  which  spirilla  and  vibriones  undergo.  The 
bacillus  moves,  as  a  rale,  straight  forward,  but  can  turn  from  side 
to  side  apparently  at  will ;  spirilla,  on  the  other  hand,  rotate  on 
their  long  axes  and  therefore  have  a  corkscrew  movement ;  they 
can  apparently  move  in  either  direction  forwards  or  backwards ; 
vibriones  move  in  a  zigzag  fashion,  but  this  is  probably  m  nature 
identical  with  the  corkscrew  movement  of  spirilla,  for  the  optical 
appearance  presented  by  a  very  short  spiral  or  rather  portion  of  a 
spiral  (such  as  is  a  vibrio),  when  rotating  on  its  axis,  is  that  it  is 
pursuing  a  serpentine  or  zigzag  course. 

Motility  bears  a  very  close  relation  to  the  age  of  the  culture, 
being  more  active  in  proportion  to  the  youth  of  the  culture.  The 
converse,  viz.  that  the  older  the  culture  the  less  actively  motile 
the- bacteria,  is  also  true  ;  if  a  culture  be  kept  for  some  days,  a 
very  large  and  increasing  number  of  bacteria  is  found  to  be  com- 
pletely motionless,  and  on  staining  the  number  of  bacteria  show- 
ing flagella  is  small.    Besides  age  of  culture,  temperature  and  the 
presence  of  oxygen  have  important  effects  upon  motility.  Lower- 
ing the  temperature  diminishes,  and,  within  certain  hmits,  raising 
the  temperature  increases,  the  rapidity  of  movement.    The  effect 
of  oxygen  is  best  seen  in  the  case  of  aerobic  bacteria.  Most 
motile  aerobic  bacteria  are  characterised  by  the  fact  that  in  broth 
culture  a  thick  scum  of  bacteria  forms  rapidly  on  the  surface  of 
the  hquid,  and  that  this  characteristic,  the  motihty  and  the 
obtaining  of  oxygen,  have  somewhat  in  common  may  readily  be 
seen  in  the  following  way.    If  a  drop  of  a  broth  culture  of 
V.  cliolerce  asiaticcB  be  placed  on  a  coverslip  and  this  be  inverted 
over  a  well-slide,  care  being  taken  to  prevent  drying  of  the  drop, 
it  will  be  noticed,  on  n^icroscopic  examination  with  a  high  power, 
that  the  vibriones  are  in  active  movement  and  that  the  general 
direction  of  their  movement  is  towards  the  margin  of  the  hanging- 
drop.    When  they  have  reached  the  edge  of  the  drop  their  move- 
ment slackens  and  some  of  them  may  come  completely  to  rest. 
If  such  a  drop  be  left  undisturbed  for  a  quarter  of  an  hour  or  so, 
by  far  the  larger  number  of  the  vibriones  will  be  found  to  have 
collected  at  the  edge  of  the  drop,  where  they  will  form  a  dense 
motionless  or  quivering  mass :  it  is  in  this  situation  that  the 
fullest  opportunity  presents  itself  for  obtaining  oxygen.    In  the 
centre  of  the  drop  fewer  vibriones  will  be  found,  and  the  motihty 
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of  these,  assuming  temperature  and  other  factors  to  have  remained 
constant,  will  be  practically  unchanged. 

(iii)  Aerobiosis  and  Anaerobiosis. — The  question  whether 
the  growth  of  a  micro-organism  is  better  in  the  presence  or  in 
the  absence  of  oxygen  is  one  of  considerable  importance,  and  has 
led  to  the  formation  of  the  two  great  classes  of  aerobic  and 
anaerobic  bacteria.  Of  these,  so  far  as  is  at  present  known,  the 
aerobic  class  is  the  larger,  but  the  anaerobic  class  contains  many 
important  members,  such  as  jB.  tetani,  B.  oedematis  maligni,  and 
the  bacillus  of  quarter-evil.  The  principal  difference  in  this 
respect  between  aerobic  and  anaerobic  bacteria  is,  that  while 
many  aerobic  bacteria  are  capable  of  multiplying  under  relatively 
anaerobic  conditions,  no  anaerobic  micro-organism  is  capable  of 
multiplying  under  aerobic  conditions.  It  is  true  that  an  aerobe 
does  not  grow  so  readily  under  anaerobic  conditions  as  under 
aerobic  conditions,  but  nevertheless  growth  takes  place ;  but  if  an 
anaerobe  be  kept  under  aerobic  conditions,  or  even  if  more  than 
the  minutest  trace  of  oxygen  is  present,  the  anaerobe  completely 
refuses  to  grow.  Bacteria  may  therefore  be  divided,  so  far  as 
this  matter  is  concerned,  into  strict  or  obligatory  aerobes,  faculta- 
tive anaerobes,  and  strict  or  obligatory  anaerobes. 

Though  growth  may  be  completely  absent  if  an  aerobe  be 
placed  under  anaerobic  conditions,  or  an  anaerobe  be  placed  under 
aerobic  conditions,  the  aerobe  or  anaerobe  has  not  lost  the  power 
of  multiplication ;  it  is  only  necessary  for  air  to  be  admitted  to 
the  aerobe  and  to  be  excluded  from  the  anaerobe,  and  growth  will 
take  place  (other  conditions  being  assumed  favourable)  with  great 
rapidity. 

The  pathological  importance  of  aerobiosis  and  an  aerobiosis  is 
evident  from  the  fact  that  the  animal  body  presents  opportunities 
for  either  aerobiosis,  facultative  anaerobiosis,  or  anaerobiosis. 
The  first  may  be  obtained  on  the  surface  of  the  body  and  in  the 
lungs,  possibly  in  the  blood  ;  the  second  is  possible  in  all  the 
tissues  ;  the  third  is  obtained  with  difficulty,  but  the  multiplica- 
tion of  bacteria  in  the  intestinal  tract  possibly  takes  place  under 
anaerobic  conditions ;  elsewhere  it  is  highly  probable  that 
anaerobic  bacteria  can  only  multiply  if  they  be  associated  with 
aerobes,  the  growth  of  which  consumes  the  limited  quantity  of 
oxygen  present.  It  is  obvious  that  no  purely  superficial  condition 
can  be  due  to  the  action  of  anaerobic  bacteria. 

Although  it  is  highly  convenient  to  divide  bacteria  into  the 
two  classes  according  as  they  can  or  cannot  grow  in  the  absence 
of  oxygen,  it  is  questionable  whether  a  strict  anaerobiosis  is  ever 
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obtained  under  the  ordinary  conditions  of  the  laboratory 
anaerobic  culture.  Fermi  and  Bassi  indeed  go  so  far  as  to 
assert  that  not  a  single  known  bacterium  will  grow  under 
conditions  of  absolute  anaerobiosis.  For  our  purpose,  however, 
it  is  sufficient  to  regard  as  anaerobic  bacteria  those  which  refuse 
to  grow  unless  the  amount  of  oxygen  present  is  reduced  to 
extremely  low  limits.  If  this  be  conceded,  anaerobic  bacilH  play 
a  highly  important  part  in  many  pathological  processes,  especi- 
ally those  involving  putrid  or  foetid  suppuration. 

(iv)  Saprophytism  and  Parasitism.— A  saprophyte  is  an 
organism  whose  existence  can  only  be  carried  on  outside  the 
animal  body  ;  it  grows  on  and  draws  its  nourishment  from  dead 
vegetable  and  animal  matter,  but  is  incapable  of  growth  in  living 
tissues.  A  parasite,  on  the  other  hand,  can  grow  in  and  draw  its 
nourishment  from  living  tissues.  As  in  the  case  of  aerobiosis 
and  anaerobiosis,  so  here  no  hard  and  fast  line  can  be  drawn 
between  saprophytes  and  parasites,  and  the  formation  of  an 
intermediate  class  is  necessary.  Thus  we  speak  of  strict  or 
obligatory  saprophytes,  facultative  saprophytes,  or  parasites, 
strict  or  obligatory  parasites.  As  examples  of  the  first  class 
may  be  given  most  of  the  true  moulds  ;  as  saprophytes  which  are 
at  the  same  time  facultative  parasites,  Actinomyces  bovis  and 
Aspergillus  niger  may  be  mentioned ;  all  the  pathogenetic  micro- 
organisms which  can  be  cultivated  on  artificial  media  and  carried 
on  from  generation  to  generation  outside  the  body  are  examples 
of  parasites  which  are  at  the  same  time  facultative  saprophytes, 
while  it  is  at  all  events  conceivable  that  some  of  the  micro- 
organisms, e.g.  B.  leprcB,  8p.  Obermeieri,  the  hsematozoa,  which 
have  hitherto  resisted  all  attempts  at  cultivation,  are  obligatory 
parasites. 

The  degree  of  adaptabihty  of  which  bacteria  are  capable 
varies  within  very  wide  hmits.  Thus  at  the  one  extreme  lie 
the  aspergilh,  which  only  on  rare  occasions  multiply  after  they 
have  gained  access  to  the  animal  body ;  at  the  other  extreme  lie 
such  organisms  as  those  of  influenza,  gonorrhoea,  and  pneumonia, 
which  can  only  maintain  an  existence  outside  the  animal  body 
under  very  special  conditions,  and  even  then  very  readily 
succumb.  Between  these  extremes  there  is  a  large  number  of 
micro-organisms,  such  as  Staph,  pyogenes  aureus,  B.  anthracis, 
B.  typhosus,  which  not  only  readily  grow  if  they  gain  access  to 
the  body,  but  also  may  for  an  almost  indefinite  time  carry  on  an 
existence  on  artificial  media  outside  the  body.^ 

'  In  tbis  connection  there  is  a  further  point  which  will  need  discussion  when  we 
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The  questions  of  saprophytism  and  parasitism  are  of  great 
importance  m  pathology  and  medicine  from  a  prophylactic  point 
of  view.  It  is  obvious  that  if  a  micro-organism  which  is  causing 
disease  be  only  capable  of  carrying  on  a  parasitic  existence, 
segregation  of  the  sick  person  is  sufficient  to  stop  the  spread  of 
the  disease  or  to  confine  it  to  his  immediate  attendants.  If,  on 
the  other  hand,  the  micro-organism  be  a  facultative  saprophyte, 
segregation  must  be  coupled  with  disinfection  of  any  material 
which  may  leave  the  patient.  For  such  material  may  contain 
the  specific  bacteria  ;  and  these,  being  capable  of  further  growth 
outside  the  body,  will  be  a  source  of  danger  to  other  individuals, 
possibly  at  a  considerable  distance  in  space  from  the  original 
patient  and  at  a  considerable  length  of  time  after  the  disease  in 
him  has  run  its  course. 

(v)  Products  of  the  Life  History  of  Bacteria. — The  products 
of  the  life  history  of  bacteria  are  of  many  kinds.  We  shall  con- 
fine our  attention  to  the  following:  Pigments,  acids  and  alkalies, 
gases,  phosphorescence,  enzymes.  Along  with  the  last  named 
will  be  considered  the  products  of  ferment  action  and  alkaloidal 
substances,  the  whole  group  including  those  bodies  known  as 
toxins,  ptomaines,  &c.  . 

{a)  Pigments. — Many  micro-organisms,  such  as  B.  prodigiosus, 
Sarcina  lutea,  B.  pyocy adieus,  Torula  nigra,  form  pigments,  fre- 
quently 'in  large  quantities.  The  pigment  is  a  distinct  product 
of  the  bacterial  cell,  and  does  not  form  an  integral  portion  of 
that  cell  but  lies  outside  it.  In  some  cases  {B.  pyocyaneus)  the 
pigment  diffuses  into  the  medium  upon  which  growth  is  taking 
place,  in  others  (B.  prodigiosus)  the  pigment  does  not  diffuse 
but  remains  confined  to  the  region  of  growth.  Most  of  the 
pigment- forming  or  chromogenetic  bacteria  grow  more  readily 
at  a  temperature  of  about  20°  C.  than  they  do  at  body  tempera- 
ture (37°  C.) ;  but  whether  that  be  the  case  or  not,  there  is  no 
doubt  that  pigment  itself  is  formed  with  difficulty  or  is  not 
formed  at  all  excepting  at  temperatures  not  far  removed  from 
20°  C.  In  this  respect,  raising  the  temperature  is  far  more  potent 
than  lowering  it.  A  chromogenetic  bacterium  may  be  rendered 
completely  achromogenetic  by  repeated  cultivation  at  37°  C, 
though  as  a  rule  such  an  artificially  produced  achromogenetic 
bacterium  gradually  regains  its  power  of  forming  pigment  if  it 
be  again  repeatedly  cultivated  at  20°  C.    Speaking  generally, 

come  to  consider  the  questions  of  pathogenicity,  infection,  and  susceptibility  to  disease, 
viz.  that  if  the  resistance  of  the  animal  be  lowered,  an  otherwise  obligatory  sapropliyte 
may,  for  the  time,  become  a  facultative  parasite. 
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chromogenetic  micro-organisms  are  not  pathogenetic ;  neverthe- 
less, many  of  the  pus-forming  bacteria  and  certain  others  are 
exceptions  to  this  statement.  Thus,  on  acid  solid  or  Hquid 
media,  cultures  of  B.  tuberculosis  show  an  orange-red  pigment 
(Jochmann). 

(b)  Acids  and  Alkalies— These  properties  have  been  taken 
together  for  convenience,  but  the  acid-forming  and  the  alkali- 
forming  bacteria  are,  for  the  most  part,  widely  different.^  There 
is  reason  to  believe,  however,  that  some  bacteria  are  able  to  form 
both  of  these  substances.  Thus  Cobbett  shows  that  B.  diphtheria 
normally  forms  both  acid  and  alkaline  bodies,  the  relative  amounts 
of  which  depend  upon  the  constitution  of  the  culture  medium — at 
all  events,  in  part.  By  growing  the  micro-organism  in  a  culture- 
medium  containing  glucose,  acid  is  formed ;  but  if  carbohydrate  is 
rigidly  excluded,  there  is  no  formation  of  acid,  and  the  culture- 
medium  remains  alkaline  throughout.  It  is  probable  that  this 
fact  is  also  true  in  the  case  of  many  other  micro-organisms. 

Among  the  acid-producers  the  bacillus  which  causes  butyric 
acid  fermentation  and  B.  acidi  lactici,  which  is  a  frequent  cause 
of  the  souring  of  milk,  may  be  mentioned  :  the  amount  of  acid 
that  may  be  formed  is  very  considerable.  There  is  reason  to 
beheve  that  the  hyperacidity  of  the  gastric  juice  noted  in  some 
cases  of  dyspepsia  depends  upon  acid  bacterial  fermentation. 
Among  the  alkali-producers  one  of  the  most  important  groups  is 
that  which  induces  alkaline  fermentation  of  urine  principally  by 
the  conversion  of  urea  into  ammonium  carbonate. 

(c)  Gases. — Among  the  many  bacteria  that  form  gases  during 
their  growth  maybe  mentioned  the  putrefaction  bacteria,  B.  tetani 
and  B.  coll  communis.  The  gases  formed  are  principally  carbonic 
dioxide,  sulphuretted  hydrogen,  marsh  gas,  hydrogen,  but  small 
quantities  of  many  other  gases  may  also  be  present.  They  are 
important  pathologically  in  that  during  life  putrefactive  changes 
may  take  place  in  dead  tissues  with  the  evolution  of  gases  which 
from  their  qualities  or  their  quantities  may  lead  to  secondary 
morbid  conditions.  Thus  the  cardinal  symptom  of  ozaena,  viz. 
the  intolerable  stench  which  accompanies  patients  with  this 
disease,  depends  upon  the  gases  formed  during  the  putrefaction  of 
dead  bone,  mucous  membrane,  and  mucus  in  the  nose.  The 
flatulent  distension  of  dyspepsia,  too,  is  largely  of  bacterial  origin. 
In  a  very  careful  work  Theobald  Smith  has  shown  that  gas- 
formation  depends  upon  the  presence  of  carbohydrate  in  the 

'  On  the  whole  subject  of  ncicl-  and  alkali-production  by  bacteria,  cf.  Petruschky, 
Cent.  f.  IJalct.  &c.  vols.  vi.  1889,  vii.  1890,  and  xix.  1890. 
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nutrient  medium,  and  that  in  the  complete  absence  of  carbo- 
hydrate such  eminently  gas-forming  microbes  as  B.  coli  communis 
and  B.  tetani  fail  to  produce  even  the  slightest  trace  of  gas. 

The  gases  which  are  produced  during  the  life  history  of  certain 
bacteria  are  formed  at  the  expense  of  the  medium  upon  which  they 
are  growing,  and  some  micro-organisms  have  a  specially  selective 
action.  Thus  Penicillium  hrevicaule  (and  also  certain  other 
forms)  produce  diethylarsin  from  culture  media  which  contain 
arsenic,  and  this  gas  is  readily  recognisable  by  its  garlicky  odour. 
Ethyl  compounds  of  tellurium  and  selenium  are  also  formed  in 
the  same  way.  In  the  case  of  arsenic  the  biological  method  has 
been  successfully  employed  as  a  test  for  the  substance  (Maassen). 

{d)  Phosphorescence. — Though  of  extreme  beauty  this  property, 
so  far  as  is  at  present  known,  is  of  no  pathological  significance. 
It  is  characteristic  of  certain  putrefactive  and  other  micro- 
organisms, and  is  most  marked  in  the  case  of  young  and  vigorous 
cultures.  By  special  modifications  of  the  culture-medium  the 
phosphorescent  light  may  be  so  considerable  that  it  may  ultimately 
be  turned  to  practical  use  {e.g.  safety  lamps  for  miners). 

(e)  Ferment-like  Bodies  and  their  Products  :  Alhaloidal 
Bases. — In  this  group  are  contained  the  most  important  of  the  ■ 
products  of  the  vital  activity  of  bacteria.  Some  of  the  members 
of  the  group  are  harmless,  others  are  possessed  of  poisonous 
properties  such  as  are  equalled  by  no  other  bodies  with  which  we 
are  as  yet  acquainted.  The  most  widespread  of  these  bodies  is 
one  which  is  closely  akin,  so  fai?  as  action  is  concerned,  to  pepsin 
and  trypsin ;  it  is  effective  in  very  small  quantities,  is  readily 
destroyed  by  heat  (an  exposure  to  a  temperature  of  60°  C. 
'  killing '  it  in  ten  minutes) ;  it  is  carried  down  along  with  any- 
solid  substance  which  is  suspended  in  or  precipitated  from  the 
fluid  in  which  it  lies  ;  by  its  action  on  proteids  it  produces  albu- 
moses  and  peptones ;  in  some  cases  it  acts  better  in  an  acid 
medium,  but  in  the  majority  of  cases  an  alkaline  medium  is  more 
favourable ;  ^  it  causes  solution  of  sohd  proteid  substances,  such 
as  solidified  blood-serum  and  gelatine,  and  besides  albumoses  and 
peptones  the  destruction  of  the  proteid  is  accompanied  "by  the 
appearance  of  such  bodies  as  leucin,  tyrosin,  indol,  &c.  Its 
presence  or  absence  has  led  to  the  separation  of  the  two  great 
classes  of  liquefying  and  non-hquefying  bacteria.  Most  of  the 
bacteria  of  putrefaction  are  liquefying  (in  fact  liquefaction  and 
putrefaction  in  this  connection  are  almost  synonymous  terms),  so 
also  are  B.  anthracis,  B.  tetani,  and  many  of  the  pus-forming 

'  Possibly,  therefore,  we  have  to  do  with  two  clistincl  bacterial  peptonising  enzymes. 


26  VEGETABLE  MICEO-OEGANISMS 

microbes  ;  on  the  other  hand,  B.  diphtheria,  B.  typhosus,  Strept. 
erysipelatis  are  non-liquefying.  But  besides  the  hquefymg  or 
proteolytic  enzymes- other  ferment-like  bodies  are  also  formed  by 
bacteria  Thus  a  rennin-like  enzyme  which  causes  coagulation  ot 
milk  is  formed  by  many  of  the  vibriones  and  by  many  of  the 
bacilh  which  are  grouped  under  the  name  of  B.  coh  communis  :  a 
lipolytic  ferment  is  produced  by  B.  tuberculosis,  a  hemolytic  fer- 
ment by  B.  pyocyaneus  and  many  others,  while  amylolytic  and 
nverting  enzymes  are  also  known  to  be  produced  by  bacteria. 

In  this  division  of  the  subject  must  be  included  also  all  the 
poisonous  chemical  substances,  be  they  enzymes,  albumoses,  or 
other  protein  bodies,  or  alkaloidal  substances  to  which  those 
bacteria  which  produce  disease  owe  their  powers.    In  the  case  of 
B.  diphthericB,  Eoux  and  Yersin,  and  Martin,  have  given  reasons 
for  beheving  that  the  toxic  body  is  an  enzyme,  Hankm  separated 
a  toxic  albumose  from  cultures  of  B.  anthracis,  Brieger  separated 
a  variety  of  toxic  alkaloidal  bases  from  the  products  of  putre- 
factive bacteria.     Wesbrook,  bearing  in  mind  the  character  of 
enzymes  which  leads  them  to  cling  to  any  substance  which  may 
be  in  their  neighbourhood,  has  suggested  that  the  true  toxic  sub 
stance  of  cholera  is  of  the  nature  of  an  enzyme ;  and  that  the 
so-called  tox-albumoses,  toxo-globulins,  toxic  alkaloids  found  in 
cultures  of  the  vibriones  really  owe  their  poisonous  properties 
to  the  presence  as  a  contamination,  along  with  the  albumose, 
globuhn,  or  alkaloid,  of  a  minute  trace  of  the  true  ferment-like  toxic 
body.    This,  indeed,  is  the  view  now  generally  held  with  regard 
to  all  bacterial  toxins,  although  in  our  present  state  of  ignorance 
concerning  the  chemical  composition  of  ferments  it  is  impossible 
to  decide  the  question  one  way  or  the  other.    There  is  no  doubt, 
however,  that  certain  bacteria,  as  the  result  of  their  Hfe  history, 
form  bodies  which,  from  their  poisonous  action  on  animal  hfe, 
may  be  spoken  of  under  the  general  name  of  '  toxins.'  ^  The 
toxins  are  usually  prepared  from  broth  cultivations  of  any  given 
micro-organism,  and  indeed  a  culture  from  which  the  micro- 
organisms have  been  separated  by  filtration  is  frequently  spoken 
of  as  '  toxin ; '  thus,  diphtheria  toxin  usually  means  a  filtered 
culture  in  broth  of  diphtheria  bacilli,  though  it  is  obvious  that 
the  filtrate  contains  many  other  substances  besides  the  true  toxic 
substance.    The  most  potent  toxins  known  are  diphtheria  toxin, 

'  Taking  a  broader  view,  and  bearing  in  mind  the  general  characters  of  the  sub- 
stances formed  by  the  life  history  of  bacteria,  whether  toxic  or  not,  certain  authors 
prefer  to  include  the  poisonous  bodies  under  the  general  name  of  '  lysins.'  There  is 
no  doubt  that  this  is  the  more  scientific  method. 
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which  can,  under  suitable  conditions,  be  obtained  of  such  a 
strength  that  -01  c.c.  of  the  toxin  (filtered  culture)  kills  a  guinea- 
pig  weighing  about  400  grams  in  forty-eight  hours,  and  tetano- 
toxin,  which,  according  to  Kitasato,  is  so  powerful  that  "00001  c.c. 
of  a  filtered  broth  culture  of  B.  tetani  is  sufficient  to  kill  a  . 
mouse. 

The  formation  of  toxin  in  a  culture  depends  upon  a  variety  of 
circumstances.  Not  only  is  the  nature  of  the  species  of  import- 
ance, so  that,  e.g.  Staphylococcus  pyogenes  albus  forms  a  much 
less  powerful  tOxin  than  B.  diphtheria,  but  also  differences  obtain 
between  different  varieties  of  the  same  ^ecies  ;  thus  some  varie- 
ties of  B.  anthracis  do  not  form  a  tithe  of  the  toxin  that  is 
formed  by  others.  The  presence  or  absence  of  oxygen,  the  com- 
position of  the  culture-medium,  and  particularly  the  presence  or 
absence  of  carbohydrate  therein,  the  degree  of  alkalinity  of  the 
culture-medium,  the  question  whether  growth  took  place  un- 
disturbed, or  whether  the  culture  was  shaken  during  growth,  the 
age  of  the  culture,  the  presence  of  other  than  the  specific  micro- 
organism in  the  culture,  or  the  purity  of  the  culture,  are  all 
matters  of  great  importance  in  determining  whether  much  or 
little  toxin  shall  be  formed.  Further,  it  must  be  added  that,  once 
a  toxin  has  been  formed,  it  is  unstable  and  may  become  converted 
into  a  closely  allied  body  (or  bodies)  of  which  the  poisonous 
properties  are  far  less  ('  toxoid,'  '  toxone  '). 

The  toxins  which  have  been  described  above  are  all  to  be 
found  in  the  filtered  cultures  in  which  the  specific  bacteria  have 
grown  :  they  are  extra-cellular.  It  has  also  been  found  that, 
besides  extra-cellular  poisons  which  are  the  results  of  the  meta- 
bolic activity  of  the  micro-organisms  and  are  specific,  another 
variety  of  poison  is  to  be  fomid  in  the  case  of  certain  bacteria 
which  is  confined  in  the  protoplasmic  bodies  of  the  bacteria,  or, 
in  other  words,  is  intra-cellular.  Intra-cellular  poisons  are  formed 
by  a  variety  of  micro-organisms ;  their  action,  if  injected  into  the 
peritoneal  cavity  of  a  guinea-pig,  is  approximately  the  same  in 
the  case  of  all  bacteria  which  form  these  poisons,  and  consists, 
if  a  sufficient  dose  be  given,  in  the  production  of  an  intense, 
extensive,  and  rapidly  fa.tal  (18-24  hours)  peritonitis.  But  the 
interesting  point  is  that  many  recognised  non-pathogenetic  micro- 
organisms, such  as  B.  stibtilis,  B.  proteus  vulgaris,  contain  these 
poisons,  while  such  undoubtedly  pathogenetic  microbes  as  B. 
diphtheria  and  B.  cholerce  galUnarum  do  not.  The  results 
obtained  by  the  injection  of  the  bodies  of  such  microbes  as  form 
intra-cellular  poisons  do  not  differ  whether  the  bacteria  which 
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contain  them  be  injected  in  a  living  condition  or  have  been  killed 
by  heat  previous  to  injection,  except  that  in  the  latter  case  a 
larger  amount  must  be  given  to  produce  the  same  result.  The 
significance  of  intra-cellular  poisons  is  quite  unknown,  but  it  may 
.  be  mentioned  in  passing  that  Klein  believes  that  mtra-cellular 
substances— not  toxic— have  an  important  part  to  play  m  the 
formation  of  antitoxin  in  the  case  of  B.  diphthericB.  So  too  m 
the  case  of  anti-typhoid  vaccination,  and  more  specifically  m 
injection  of  powdered  typhoid  bacilli  into  animals,  the  intra- 
cellular substances  of  this  micro-organism  play  a  fundamental 
part  in  producing  anti-typhoid  bodies. 

In  spite  of  their  vast  agricultural  and  hygienic  importance  it  is 
not  necessary  to  speak  here  of  the  properties  possessed  by  certain 
bacteria  of  reducing  nitrates  with  the  formation  of  ammonia  and 
free  nitrogen,  or,  on  the  other  hand,  of  oxidising  ammonia  with 
the  production  of  nitric  acid  and  nitrates.  It  is  only  necessary  to 
state  that  they  play  a  fundamental  part  in  some  of  the  more 
modern  methods  for  the  disposal  of  sewage. 

(vi)  The  Effects  upon  Bacteria  and  their  Products  of 
Physical  and  Chemical  Ag^ents.— (^)  Physical  Agents.— {a) 
Temperature.— 'Eivevy  micro-organism-  has  its  optimum  tempera- 
ture for  growth,  and  minimal  and  maximal  temperatures  beyond 
which  growth  ceases.  For  the  greater  number  of  bacteria  found 
in  temperate  cHmates  the  optimum  temperature  is  18°-20°  C, 
viz.  the  temperature  of  the  air ;  within  these*  hmits  are  the 
most  favourable  temperature  conditions  for  reproduction,  whether 
simple  fission  or  spore-formation.  Such  bacteria  as  are  commonly 
found  in  water,  air,  soil  belong  to  this  category.  For  other  micro- 
organisms, including  those  which  are  pathogenetic  for  warm- 
blooded animals,  the  optimum  temperature  is  36°-38°  C. 

For  the  so-called  thermal  or  thermophile  bacteria  the  optimum 
temperature  varies  in  individual  cases  between  50°  C.  and  70°  C. 
This  class,  members  of  which  have  been  discovered  by  Miguel, 
Van  Tieghem,^  Globig,  Karlinski,  Macfadyean,  and  Blaxall  in 
water,  soil,  and  thermal  springs,  is  as  yet  a  bacteriological 
curiosity,  but  it  is  probable  that  some  of  its  members  are  of 
considerable  importance.  That  certain  putrefactive  changes 
occur  under  conditions  of  very  high  temperature  is  readily  seen 
ill  the  case  of  the  putrefaction  of  a  manure  heap ;  it  is  possible, 
too,  that  the  so-called  '  spontaneous  combustion  '  of  haystacks 
may  be  due  directly  or  indirectly  to  the  action  of  thermal  bacteria. 
Tsikhnsky  has  found  that  in  the  intestinal  contents  of  sucklings 
and  adults  (human  and  lower  animals)  thermophile  bacteria  are 
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generally  present,  and  may  exist  in  large  numbers.  In  all  twenty 
different  species  were  isolated  by  this  author.  Most  of  these  were 
bacilli  and  obligatory  thermophiles,  but  they  appeared  to  be  of  no 
pathological  significance.  For  all  practical  purposes,  therefore, 
they  may  be  left  out  of  consideration. 

The  actions  of  heat  and  cold  upon  bacteria  are  very  different. 
It  may  be  broadly  stated  that  reduction  of  temperature  below  the 
optimum  tends  to  inhibit  growth  but  not  to  kill  the  bacteria, 
whereas  elevation  of  temperature  above  the  optimum  not  only 
tends  to  inhibit  growth  but  also  tends  to  kill  the  bacteria.  Since, 
in  addition,  a  far  smaller  rise  of  temperature  produces  the  same 
result  as  a  far  greater  fall  of  temperature,  it  is  evident  that,  so  far 
as  bacteria  are  concerned,  heat  is  a  much  more  potent  agent  than 
cold.  Frisch  (1877)  exposed  various  cultures  of  bacteria  to  a 
temperature  of  —87°  C,  which  he  obtained  by  the  evaporation  of 
liquid  carbonic  acid  gas,  and  found  that,  even  after  exposure  to 
such  a  temperature,  micrococci  and  bacilli  multiply  abundantly 
when  again  placed  under  favourable  conditions.  A  similar  inert- 
ness has  more  recently  been  shown  to  obtain  in  the  far  lower 
temperatures  (about  —185°  C.)  produced  by  liquid  air  even  if 
continued  for  seven  days  .  (^-Tacf adyean) .  Prudden  also  made 
extended  experiments  upon  the  influence  of  freezing  ;  he  found 
that,  though  differences  obtain,  nevertheless  bacteria  are  able  to 
withstand  freezing  for  many  days.  One  of  the  most  marked  of 
his  examples  is  -B.  typhosus,  which  was  found  to  be  capable  of 
growth  after  bearing  continuous  freezing  for  103  days.  Kepeated 
freezing  and  thawing  was  found  to  be  more  fatal  than  continuous 
freezing. 

In  considering  the  effect  of  heat  upon  bacteria,  one  is,  at  the 
outset,  met  by  the  fact  that  a  marked  difference  obtains  between 
the  effects  of  dry  and  of  moist  heat.  This  was  clearly  brought 
out  by  experiments  instituted  in  1881  by  Koch  and  Wolffhilgel, 
who  found  that,  if  dry  heat  be  employed,  the  micro-organism 
being  in  a  desiccated  condition  and  spores  being  absent,  a 
temperature  of  120°-128°  C.  must  be  maintained  for  ah  hour 
and  a  half  to  ensure  destruction  of  all  the  species  tested  ;  if,  how- 
ever, spores  be  present  (e.g.  spores  of  B.  subtilis  or  B.  anthracis), 
a  temperature  of  140°  C.  maintained  for  three  hours  is  necessary. 
The  effect  of  moist  heat  upon  bacteria  in  the  absence  of  spores  is, 
on  the  other  hand,  much  greater,  by  far  the  larger  number  being 
destroyed  by  a  temperature  of  58°-60°  C.  maintained  for  ten 
miimtes  (Sternberg).  The  non-pathogenetic  bacteria  have,  as  a 
rule,  a  higher  thermal  death-point  than  thosd  wliich  are  patho- 
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genetic.  With  regard  to  the  thermal  death-point  of  spores  when 
exposed  to  the  action  of  moist  heat,  Sternberg  found  that  the 
spores  of  B.  anthracis  are  destroyed  by  exposure  to  a  temperature 
of  100°  C.  for  four  minutes.  The  spores  of  non-pathogenetic 
bacilli  require  a  higher  temperature  or  a  more  prolonged  exposure 
for  their  destruction.  For  the  certain  destruction  of  all  known 
spores  by  moist  heat,  their  exposure  to  a  temperature  of  120°  C. 
maintained  for  ten  minutes  is  amply  sufficient.  The  difference 
which  obtains  between  the  actions  of  dry  and  moist  heat  depends 
upon  the  greater  penetrating  power  of  the  latter. 

In  the  case  of  '  spore-bodies  '  such  as  those  found  in  the 
'  chain-sporulation  '  of  the  streptothricae,  a  moist  temperature  of 
under  60°  C.  continued  for  half  an  hour  is  sufficient  to  prevent 
germination  in  most  instances,  although  there  are  individual 
variations.  It  has  already  been  noted  that  this  constitutes  a 
marked  point  of  difference  between  spore-bodies  and  true  spores. 

But  heat  not  only  kills  bacteria  if  it  be  sufficiently  great,  it 
also  may  produce  profound  modifications  of  vital  activity  if  the 
temperature  be  not  so  greatly  raised  above  the  optimum  as 
materially  to  interfere  with  growth.    Eeference  has  already  been 
made  to  the  facts  that  prolonged  cultivation  at  an  elevated  tem- 
perature (42-5°  C.  in  the  case  of  B.  anthracis,  the  optimum  being 
about  37°  C.)  may  convert  the  normally  sporogenous  into  an 
asporogenous  bacillus,  and  that  pigment  formation  is  abolished  in 
the  case  of  chromogenetic  bacteria  by  the  same  means  (38°  C. 
in  the  csbse  ol  B.  prodigiosus,  the  optimum  being  about  20°  C). 
But  from  a  pathological  point  of  view  the  most  important  fact  is, 
that  by  cultivation  of  a  pathogenetic  micro-organism  at  a  some- 
what elevated  temperature,  its  power  to  form  its  specific  toxm  is 
impaired,  and  that,  though  the  rapidity  of  multiplication  of 
the  micro-organism  may  not  be  appreciably  modified.     Such  a 
micro-organism  is  said  to  be  attenuated,  and  by  repeated  cultiva- 
tion at  the  same  elevated  temperature  a  permanently  attenuated 
variety  may  be  obtained.    Whether  the  primary  effect  is  due  to 
some  modification  of  the  vital  faculties  of  the  micro-organism,  or 
is  owing  to  the  destruction  of  a  toxin  normally  formed,  it  is. 
impossible  to  say;  with  reference  to  the  last-mentioned  sup- 
position, it  is  known  that  the  toxicity  of  a  filtered  culture  of 
B.  diphtheria}  is  markedly  diminished  by  exposure  for  a  few  hours 
to  a  temperature  of  even  40°  C.    By  gradually  raising  the  tem- 
perature at  which  growth  is  taking  place,  and  making  a  series  of 
sub-cultivations  at  each  individual  temperature,  a  micro-organism 
may  become  '  acclimatised  '  and  grow  well  at  a  temperature  which 
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would  certainly  have  completely  inhibited  growth  of  the  original 
culture. 

(b)  Desiccation. — In  a  moist  state  bacteria  may  be  kept  for  a 
considerable  length  of  time  without  losing  their  vitality,  though 
this  power  varies  within  wide  limits  in  different  species.  Thus, 
Strept.  erysipelatis  loses  itS' vitality  on  an  agar  culture  after  about 
a  week,  but  V.  cliolera  asiatica  may  still  be  found  living  after 
nine  months,  and  B.  typhosus  and  B.  prodigiosus  after  so  long  as 
a  year  and  a  half  (Sternberg).  But  desiccation  is  very  fatal  to 
bacteria,  especially  to  those  species  which  are  pathogenetic.  In 
many  cases  life  is  only  maintained  for  a  few  hours  ;  Pfuhl,  how- 
ever, found  desiccated  typhoid  bacilli  living  after  8-10  weeks,  and 
Loffler  found  B.  diphtherice  still  alive  after  they  had  been  kept 
4-5  months  in  a  dry  condition.  Against  these  observations  must 
be  placed  the  more  recent  experiments  of  Kirstein,  who  found 
that  when  bacteria  are  disseminated  through  air  in  the  finest 
spray  their  life  is  much  less.  Thus  B.  typhosus  died  out  in  less 
than  twenty-four  hours,  B.  diphtherice  in  less  than  forty-eight 
hours,  and  B.  tuberculosis  in  less  than  five  days.  These  observa- 
tions were  carried  out  in  the  dark  ;  with  free  exposure  to  diffuse 
dayhght  and  air,  death  occurred  earher.  No  doubt  a  certain 
amount  of  discrepancy  between  the  results  of  different  authors 
depends  upon  the  difficulty  of  obtaining  complete  desiccation, 
and  the  extremely  minute  amount  of  moisture  that  is  necessary 
in  order  to  maintain  the  vitality  of  many  species.  The  whole 
question  is  of  the  highest  importance  from  the  point  of  view  of 
aerial  infection. 

The  statements  made  above,  though  true  in  the  case  of 
bacteria,  are  not  true  in  the  case  of  spores,  which  resist  drying  to 
an  extraordinary  extent,  and  may  be  kept  in  a  desiccated  condition 
for  an  almost  indefinite  period  without  losing  their  power  of  ger- 
minating when  they  are  moistened  and  exposed  to  other  favourable 
conditions.  Upon  this  point  there  is  universal  agreement  among 
authors.  Desiccation  alone  is  apparently  without  effect  upon  the 
toxic  products  of  bacteria.  The  solid  residue  of  a  filtered  broth 
culture  of  B.  dip)htherice,  which  has  been  evaporated  to  dryness  at 
a  temperature  below  40°  C,  is  intensely  and  specifically  toxic. 
Such  *  dried  toxin  '  may  be  preserved  for  an  indefinite  time  with- 
out change  in  toxicity,  provided  it  be  kept  in  the  dark. 

(c)  Light. — Downes  and  Blunt  in  1877  first  called  attention 
to  the  fact  that  light  acts  injuriously  on  bacteria,  and  that  cul- 
tures may  be  sterilised  by  exposure  to  direct  sunlight.  Since 
then,  Duclaux,  Arloing,  Gaillard,  Moment,  Eoux,  and  others  have 


32 


VEGETABLE  MICEO-OEGANISMS 


studied  the  subject.  As  the  outcome  of  this  work  it  has  been 
found  that  the  growth  of  bacteria  is  impeded  by  Hght,  that  if  the 
micro-organisms  be  exposed  to  direct  sunlight  they  are  destroyed, 
and  that  spores  are  destroyed  more  readily  by  light  than  are 
bacilli.  Direct  sunlight  acts  more  unfavourably  than  diffuse 
light,  and  Arloing  found  that  rays  at  the  violet  end  of  the  spec- 
trum are  more  potent  in  this  respect  than  rays  at  the  red  end. 
Marshall  Ward  investigated  the  bactericidal  action  of  Hght  more 
closely.  He  concludes  that  the  waves  which  form  the  infra-red, 
red,  orange,  and  yellow  portions  of  the  spectrum  have  no  action, 
but  that  bactericidal  power  '  begins  at  the  blue  end  of  the  green, 
rises  to  a  maximum  as  we  pass  the  violet  end  of  the  blue,  and 
diminishes  as  we  proceed  in  the  violet  to  the  ultra-violet  regions.' 
More  recent  investigations,  and  especially  those  in  which  light 
from  an  arc  lamp  is  used,  place  the  maximum  bactericidal  portion 
of  ihe  spectrum  a  little  further  towards  the  violet,  and  ascribe 
particular  potency  to  the  ultra-violet  rays. 

The  fact  that  the  bactericidal  power  of  light  resides  at  the 
violet  end  of  the  spectrum,  of  course,  suggests  that  chemical 
action  plays  some  part  in  the  process.  Eoux  showed  that  access 
of  oxygen  is  a  necessary  factor  in  the  sterilisation  of  cultures  by 
light,  and  Wesbrook,  working  especially  with  V.  cliolera  asiaticai, 
found  that  the  action  of  sunlight  is  twofold  :  it  is  destructive  to 
the  bacteria  on  which  it  falls  if  they  be  in  free  contact  with  air, 
but  it  aids  the  growth  of  those  bacteria  on  which  it  falls  (through 
its  heating  power)  if  the  bacteria  be  not  in  free  contact  with  air. 
By  a  series  of  careful  experiments,  he  showed  that  in  an  ordinary 
test-tube  broth  cultivation  exposed  to  sunHght,  destruction  of 
bacteria  goes  on  at  the  surface,  multiplication  in  the  depth  ;  this 
is  true  if  the  column  of  culture  be  of  greater  depth  than  2-4  cm. ; 
if  the  column  be  less  than  2-4  cm.  destruction  of  the  bacteria 
alone  takes  place.  He  further  found  that  free  growth  takes  place 
in  anaerobic  cultures  in  an  atmosphere  of  hydrogen  though  exposed 
to  the  strongest  sunlight. 

D'Arcy  and  Hardy,  following  up  Wiirster's  discovery  that 
when  evaporation  takes  place  in  direct  sunlight  '  active  oxygen  ' 
is  formed,  investigated  the  question  whether  '  active  oxj^gen  '  is 
formed  in  the  bactericidal  action  of  Hght.  Using  specially  sensi- 
tised paper,  and  throwing  on  a  moistened  strip  of  it  the  spectrum 
of  an  arc-light,  they  found  that  Marshall  Ward's  area  corresponds 
to  the  site  of  formation  of  '  active  oxygen.'  That  the  action  is 
dependent  upon  light-  and  not  upon  heat-rays  is  shown  by  the 
fact  that  no  '  active  oxygen  '  is  formed  if  a  strip  of  black  paper 
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be  placed  over  the  moistened  sensitised  paper  in  the  region  of  the 
spectrum  concerned.  It  may,  therefore,  be  regarded  as  proved 
that  the  bactericidal  action  of  hght  is  essentiahy  of  an  oxidative 
character. 

AVith  reigard  to  the  action  of  light  upon  toxins  and  toxin- 
formation  there  is  some  divergence  of  opinion.  Wesbrook  found 
that  the  virulence  of  those  bacteria  which  he  had  grown  in  strong 
sunhght  was  not  appreciably  modified.  In  view,  however,  of  the 
fact  that  sterile  toxins  are,  according  to  most  authorities, 
gradually  destroyed  by  light,  and  of  the  numerous  factors 
entering  into  Wesbrook's  experiments,  it  is  safer,  if  it  be  desired 
to  minimise  alteration  in  the  toxicity  of  a  filtrate,  to  keep  it  in 
the  dark. 

In  this  connection  reference  may  be  made  to  the  numerous 
experiments  devised  to  determine  whether  X-rays  have  any 
influence  on  the  growth  or  life-functions  of  bacteria.  Although 
Eieder  (1902)  states  that  20-30  minutes'  exposure  of  plates  sown 
with  V.  cholera,  B.  prodigiosus,  and  B.  coli  is  followed  by  inter- 
ference with  growth  and  death  of  the  organisms  in  question,-  this 
result  is  different  from  that  obtained  by  most  investigators.  For 
the  most  part  it  has  been  concluded  that  the  X-rays  themselves 
are  completely  without  influence  upon  the  life  or  functions  of 
bacteria,  and  that  such  cases  in  which  injurious  action  has  been 
noted  are  to  be  explained  by  the  simultaneous  production  of  heat, 
ozone,  &c.  Thus  Zeit  found  that  the  X-rays  when  acting  for 
forty-eight  hours,  and  at  only  twenty  mm.  distance,  had  not 
the  slightest  influence  upon  the  most  delicate  bacteria  in  broth  or 
hydrocele  fluid  nor  on  agar  plates  exposed  for  four  hours. 

{d)  Electricity.— The  action  of  constant  and  of  induced 
currents  and  of  high  tension  currents  upon  the  growth  of 
bacteria  has  been  investigated  by  several  authors ;  ^  no  efi^ect 
seems  to  be  produced  unless  the  current  be  of  great  strength  and 
its  action  be  long  continued.  It  is  probable  that  even  under 
those  circumstances  a  large  proportion  if  not  the  whole  of  the 
observed  results  are  dependent  upon  the  chemical  substances 
produced  by  electric  discharge  in  the  solutions  in  which  the 
micro-organisms  are  suspended  or  in  the  air  above  them.  With 
regard  to  the  action  of  electricity  upon  toxins,  there  is  the  widest 
divergence  of  opinion.  D'Arsonval  and  Charrin  found  that  inter- 
rupted currents  of  great  frequency  attenuate  toxins ;  Marmier, 
working  with  snake-poison,  diphtheria  toxin,  and  tetano-toxin,  on 

'  See  particularly  Zeit,  Jourii.  Amer.  Med.  Assoc.  November  1901,  and  Foulerton 
and  Kellas,  Trans.  Path.  Soc.  Lond.  vol.  liv.  1903. 

D 


^4  VEGETABLE  MICRO-OEGANISMS 

the  other  hand,  says  that  he  found  not  the  shghtest  attenuation 
with  currents  of  high  frequency,  but  that  constant  currents  and 
interrupted  currents  of  low  frequency  destroy  bacterial  toxms  by 
the  formation  of  hypochlorites  and  free  chlorine  m  the  fluid  m 
which  these  toxins  are  placed.  Some  authors  have  even  gone  so 
far  as  to  assert  that  toxins  may  be  converted  into  antitoxins  by 
the  agency  of  the  constant  current. 

(B)  Chemical  Agents.— In  this  group  are  included  all  those 
substances  which  are  known  as  antiseptics  and  disinfectants  ; 
they  are  of  the  most  varied  composition,  but  they  will  not  be 
referred  to  here  in  detail;  information  upon  this  subject  must 
be  sought  in  special  treatises  on  bacteriology  and  hygiene.  It 
may  be  briefly  stated,  however,   that   antiseptics   differ  from 
disinfectants,  in  that  whereas  an   antiseptic   prevents  further 
growth  of  bacteria,  it  does  not  of  necessity  kill  those  bacteria 
which  are  actually  present  and  living  at  the  time  when  the  anti- 
septic is  caused  to  act ;  a  disinfectant,  on  the  other  hand,  not 
only  prevents  growth,  but  also  destroys  such  bacteria  as  may  be 
present,  and  therefore  sterihses  the  substance  upon  which  it  acts. 
Many  of  the  so-called  disinfectants  are  antiseptics  only,  and  some 
are  neither  disinfectants  nor  antiseptics  but  mere  deodorants. 
The  chemical  substances  which  act  on  bacteria  can  only  do  so  if 
they  are  in  a  Hquid  or  a  gaseous  condition.    Solids,  such  as  iodo- 
form, thymol,  &c.,  act  as  antiseptics  by  virtue  of  their  solubility 
or  volatility.    A  disinfectant,  if  used  in  weak  solution,  acts  as  an 
antiseptic. 

(a)  Gases.— Reference  has  already  been  made  to  the  action  of 
oxygen  both  when  treating  of  aerobiosis  and  anaerobiosis  and 
when  dealing  with  the  bactericidal  action  of  light.  A  special 
interest,  however,  attaches  itself  to  the  action  of  ozone.  The 
results  obtained  by  investigators  are  somewhat  discordant,  but 
apparently  the  action  when  observed  is  indirect.  Eansome  and 
Foulerton  found  that  dry  ozone  is  without  noteworthy  effect  upon 
bacteria  of  the  most  varied  kinds  and  does  not  influence  their 
virulence.  In  water,  however,  the  results  are  different,  for  the 
nascent  oxygen  thereby  produced  oxidises  the  culture  medium  and 
thus  inhibits  growth.  But  here  we  have  to  do  with  the  action  of 
oxygen  and  not  of  ozone.  Recently  purification  of  potable  water 
supplies  by  ozone  has  been  recommended. 

Other  gases,  such  as  hydrogen,  nitrogen,  carbonic  acid,  to 
mention  those  which  are  most  commonly  met  with  in  annual 
Hfe,  are  inert  so  far  as  concerns  their  chemical  action.  Sul- 
phuretted hydrogen,  according  to  Frankland,  is  quickly  fatal  to 
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B.  pyocyaneics,  V.  cholercB  asiatica,  &c.,  but  on  the  other  hand 
Grauer  found  that  it  is  without  injurious  action  upon  B.  tubercu- 
losis, B.  anthracis,  B.  typliosus,  and  V.  cholera}  asiaticcB,  even 
though  these  micro-organisms  were  exposed  to  the  action  of  a 
stream  of  the  gas  for  an  hour.  Chlorine,  bromine,  iodine,  sulphur 
dioxide,  and  some  of  the  haloid  compounds  have  marked  anti- 
septic or  disinfectant  effects. 

(b)  Acids  and  Alkalies. — Though,  if  both  are  used  in  very 
strong  solution,  the  action  of  an  acid  is  the  same  as  that  of  an 
alkali,  viz.  bacteria  and  even  spores  are  destroyed,  yet  a  wide 
difference  exists  between  the  actions  of  weak  solutions  of  these 
substances.  Thus  whereas  the  addition  of  "1  to  -5  per  cent,  sul- 
phuric acid  to  a  neutral  culture  not  only  prevents  further  growth 
in  it,  but  also  in  time  destroys  such  bacteria  as  may  be  already 
present,  the  addition  of  the  same  amount  of  caustic  potash  will 
in  most  cases  not  only  not  impede  but  will  actually  favour  the 
growth  of  the  bacteria  present.  Indeed,  it  has  been  found  in 
practical  bacteriology,  that  copious  growth  only  occurs  when  the 
culture  media  (excepting  potato,  which  is  acid)  have  been  ren- 
dered faintly  but  definitely  alkaline  before  use.  This  statement 
does  not,  apparently,  hold  good  in  the  case  of  certain  of  the 
blastomycetes  which  grow  best  on  an  acid  medium. 

(c)  Other  Ghe7nical  Substances. — Speaking  generally,  other 
soluble  substances,  be  they  salts,  essential  oils,  coal-tar  products, 
or  whatever  be  their  nature,  are  either  inert  or  exert  a  feebly 
restraining  influence  on  bacterial  growth,  unless  they  are  used  in 
strong  solution.  An  important  exception  exists  in  the  case  of 
compounds  of  mercury,  which  are  powerfully  disinfectant,  even 
in  minute  traces ;  thus  mercuric  oxycyanide  was  found  by  Boer 
to  destroy  anthrax  bacilli  in  so  small  a  degree  of  concentration  as 
1  in  40,000,  and  Sternberg  found  that  perchloride  of  mercury 
destroys  the  spores  of  B.  anthracis  and  B.  subtilis  in  two  hour? 
when  used  in  the  strength  of  only  1  in  10,000.'  Concerning  the 
bactericidal  action  of  blood-serum  we  shall  have  to  speak  later. 

'  It  is  necessary  to  remember  in  this  connection  that  the  condition  in  which 
micro-organisms  and  spores  are  presented  to  the  disinfectant  is  of  great  importance ; 
if  the  micro-organisms  are  collected  into  comparatively  large  masses  or  doccuH,  or  if 
fhey  be  suspended  in  a  medium  which  is  itself  acted  on  by  the  disinfectant,  then  a 
longer  exposure  to,  or  a  greater  concentration  of,  the  disinfectant  becomes  necessary. 
Thus,  perchloride  of  mercury,  which  is  one  of  the  most  valuable  disinfectants  at  our 
disposal,  coagulates  albumen,  and  if,  as  is  very  likely  o  be  the  case  in  any  attempt  to 
disinfect  animal  substances  or  excreta,  those  latter  contain  albumen,  the  perchloride 
of  mercury  will  form  a  coating  of  coagulated  albumen  around  the  micro-organisms, 
and  thus  will  actually  protect  them  in  some  degree  from  the  action  of  the  dis- 
infectant. 

D  2 
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On  the  other  hand,  substances  are  known  which,  in  dilute  solu- 
tion, favour  the  growth  of  bacteria ;  such,  are  the  soluble  carbo- 
hydrates (particularly  dextrose),  albumoses,  and  peptones.  That 
various  inorganic  and  organic  salts  &c  favour  and  can  ever, 
maintain  growth  in  the  absence  of  proteid  matter  other  than  that 
minute  quantity  which  is  contained  in  the  bodies  of  the  bacteria 
used  for  inoculation  is  shown  by  the  fact  that  bacteria  can  m 
many  cases  multiply  readily  in  such  non-albuminous  culture-fluids 
as  those  devised  by  Pasteur '  and  Uschinsky.^ 

(d)  Stains— The  greater  number  of  bacteria  &tain  readily 
with  such  anilm  dyes  as  methylene  blue,  methyl  violet,  fuchsm 
and  a  few  others,  but  certain  groups  may  be  differentiated 
•iccordino-  to  their  readiness  or  reluctance  to  take  up  a  stam,  and 
the  ease  or  difhculty  with  which  they  give  it  up  once  they  have 
become  stained.    Thus  by  Gram's  method  it  is  possible  to  dis- 
tinguish two  groups  of  bacteria  according  to  whether  they  yield 
up  their  colour  or  not  after  they  have  been  exposed  to  the  action 
of  a  solution  of  iodine  in  potassium  iodide.    So,  too,  groups  of 
'acid-fast'  and  'alcohol-fast'  bacilH  have  been  separated  and 
form  a  relatively  small  but  important  series.    In  this  case  the 
test  is  whether  the  micro-organism  does  or  does  not  retain  the 
stain  after  exposure  to  the  action  of  strong  acid  (e.g.  25  p.c. 
sulphuric  acid).    The  importance  of  this  group  is  bound  up  very 
largely  with  B.  tuberculosis  and  its  special  staining  reaction. 
Formerly  this  was  regarded  as  pathognomonic  of  the  tubercle 
bacillus,  but  it  is  now  known  that  the  so-called  smegma-bacillus, 
certain  streptothrices,  some  bacilH  found  in  milk  &c.  show  closely 
similar  staining  properties.    The  matter  is  obviously  one  of  the 
highest  importance,  but  it  is  impossible  to  deal  with  it  here. 

(vii)  Variability  of  Bacteria.— This  question  may  be  studied 
from  either  a  morphological  or  a  physiological  standpoint.  With 

'  Pasteur's  fluid : 

Distilled  water  100  parts 

Cane-sugar  10  parts 

Ammonium  tartrate   ....  1  part 

Ashes  of  1  gram  of  yeast. 
2  Uscliinsky's  fluid: 

Water.       .       .  . 

Glycerine  . 

Sodium  chloride 

Calcium  chloride 

Magnesium  sulphate  . 

Bi-potassium  phosphate 

Ammonium  lactate 

Sodium  aspartate 


1000  c.c. 
3-4  c.c. 

5-  7  grams 
•1  gram 
•2-4  gram 

2-  2-5  grams 

6-  7  c.c. 

3-  4  grams 
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i-egard  to  'the  latter,  so  mucli  has  already  been  said  upon  the 
variations  that  may  be  induced  in  the  products  of  vital  activity 
of  bacteria  by  different  agents,  that  it  is  only  necessary  here  to 
point  out  that  from  this  aspect  there  is  an  almost  infinite  number 
of  races  of  any  one  variety  of  micro-organism.  Thus  we  have 
seen  that  B.  anthracis  may  lose  its  power  of  forming  spores,  B. 
^rodigiosus  may  lose  that  of  forming  pigment,  w^hile  Str.  pyogenes 
may  have  its  power  of  forming  its  specific  toxin  reduced  to  a 
remarkable  extent.  Between  the  typical  and  the  atypical  variety 
in  each  case  there  is  an  endless  number  of  individuals  having 
intermediate  characteristics. 

Biit  it  is  not  only  possible  by  artificial  means  to  diminish  or 
even  abolish  some  particular  function  of  a  bacterium,  it  is  also 
possible  in  certain  cases  starting  from  below  to  augment  the 
exercise  of  that  function.  Thus,  starting  with  a  cultivation  of 
JB..  typhosus  which  has  artificially  been  '  attenuated  '  to  such  a 
degree  (i.e.  forms  .so  little  toxin)  that  it  fails  in  reasonable  doses 
to  kill  the  highly  susceptible  mouse,  we  may,  by  successive 
inoculation  of  this  attenuated  bacillus  through  animals  rising  in 
their  degree  of  resistance  to  typhoid,  or  by  cultivating  them  in  a 
medium  containing  their  own  specific  '  antibody,'  so  increase  the 
power  of  toxin-formation  that  at  last  the  attenuated  bacillus  has 
been  converted  into  one  possessing  even  a  greater  degree  of 
virulence  than  as  normally  the  case.  It  therefore  becomes  con- 
ceivable that  a  definitely  non-pathogenetic  micro-organism  may 
in  course  of  time  and  under  suitable  couditions  be  so  modified  in 
one  of  its  functions  that  it  becomes  definitely  pathogenetic.  Of 
this,  however,  we  have  as  yet  no  proof,  in  spite  of  the  fact, 
•amongst  others,  that  Buchner  asserted  that  he  had,  after  a  long 
period  of  artificial  cultivation,  succeeded  in  converting  the  non- 
pathogenetic  B.  suhtilis  into  the  pathogenetic  B.  anthracis,  with 
which  morphologically  it  has  so  many  points  in  common. 
Neither  this  nor  any  other  similar  assertion  has  stood  the  test 
of  time. 

With  regard  to  the  morphological  variability  of  bacteria  there 
is  more  difficulty.  Owing  to  the  extreme  ease  with  which  a 
bacillus  whose  length  differs  but  little  from  its  breadth  may  be 
mistaken  for  a  micrococcus,  or,  if  it  stain  more  deeply  at  the 
poles,  for  a  diplococcus,  the  ease  with  which  a  vibri.0  may  be  mis- 
taken for  a  bacillus,  a  diplococcus  for  a  sarcina  and  vice  ve?'sa ; 
and  owing  to  the  fact  that  some  bacteria,  e.g.  B.  diphtherice,  B. 
iuhercidosis,^  are  known  (Klein  and  others)  occasionally  to  form 
'  From  this  fact  Coppen  Jones  argued  that  B.  tuberculosis  is  really  a  mould,  and 
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what  are  apparently  mycelial  hyphee,  while  in  artifickl  cnltiva- 
tion  the  streptothriceEB  often  form  chams  of  bacilh  it  ^^a. 
originally  supposed  that  the  species  bacillus,  streptococcus, 
spinllum  &c.  are  not  distinct,  but  that  '  pleomorphism  exists, 
the  same  micro-organism  now  showing  itself  as  a  bacillus  now. 
as  a  coccus,  now  as  a  spirillum,  and  so  on.  But  the  fact  that 
pleomorphism  of  bacteria  was  far  more  commonly  accepted  m 
the  early  days  of  bacteriology,  when  methods  were  less  exact 
and  the  dangers  of  contamination  of  cultures  were  less  fully 
recognised,  soon  suggested  that  most  of  the  cases  of  so-called 

pleomorphism  were  appa- 
rent rather  than  real.  At 
the  present  time  the  pen- 
dulum of  opinion  is  be- 
ginning to  swing  back  to 
the  old  view.     For  with 
regard  to  B.  diphthericB, 
B.  tuberculosis,  and  the 
streptothricese,  there  is  no 
room  for  doubt  as  to  the 
accuracy  of  the  observa- 
tion, and  it  is  well  shown 
by  the  case  of  actinomyces 
that    a    micro  -  organism 
which  under  ordinary  cir- 
cumstances forms  a  defi- 
nite mycelium  may  under 
extraordinary  circum- 
stances grow  as  a  bacillus. 
Moreover  a  considerable 
mass  of  evidence  pointing 
in  the  direction  of  a  cer- 
tain amount  of  pleomorphism  has  recently  been  accumulating 
from  all  sides.    Diplococcoid.  forms  of  B.  coli  (Adami)  and  B. 
hjphosus    (Wolff),   branching   of    bacilli  and   spirilla  (Meyer, 
Kohlbrugge,  Eeichenbach),  have  been  described,  and  the  pleomor- 
phism of  B.  pestis  and  many  other  micro-organisms  in  a  minor 
degree  is  well  known.    Some  of  these  variations  are  probably  of  a 
degenerative  type  and  depend  upon  unsuitability  of  the  culture- 
medium.     But  just  as  we  are   forced  to  recognise  that  the 
bacillary  may  be  one  form  of  growth  of  the  higher  moulds,  so  it 

proposed  to  call  it  '  tnbevculomyces '  on  the  analogy  of  actinomyces.  This  suggestion 
has  met  with  a  certain  amount  of  favom-,  but  has  not  been  generally  adopted. 


Fig.  3. 


-Bacterial  Growth  of  a  Streptothrix. 
X  800. 

From  a  cultivation  on  maltose-agar  of  a  patho- 
genetic streptothrix.  The  tendency  towards 
branching  is  well  seen  but  actually  difficulty 
might  be  experienced  in  differentiating  this 
specimen  from  a  preparation  of  bacilli  in 
which  were  many  involution  forms. 
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is  not  unlikely  that  in  course  of  time  we  shall  come  to  con- 
sider the  true  moulds  as  the  ancestral  type  of  all  bacteria,  with 
the  natural  sequence  that  the  existence  of  pleomorphism  will  be 
recognised. 

(viii)  Symbiosis.  —In  all  our  previous  remarks  we  have  tacitly  , 
implied  that  the  micro-organism  was  in  pure  culture,  but  as  a  ; 
matter  of  fact  this  is  frequently  not  the  case  except  under  purely  1 
artificial  conditions  such  as  are  obtained  in  the   laboratory.  i 
In  nature  many  varieties  are  living  side  by  side,  and  it  becomes  ! 
necessary  to  inquire  how  the  growth  &c.  of  one  micro-organism  i 
proceeds,  if  in  its  life  history  it  alone  have  not  full  play  but  be  ] 
associated  with  other  bacteria.    Much  attention  has  been  directed  j 
to  this  question  during  the  past  few  years,  and  there  is  no  doubt  j 
that  it  will  attract  even  more  attention  in  the  future.    The  two  | 
chief  points  for  consideration  are,  (a)  how  does  symbiosis  affect 
the  growth  of  a  micro-organism  ?  and  (6)  does  symbiosis  produce 
any  modification  in  the  products  of  the  vital  activity  of  that  : 
micro-organism  ?    With  regard  to  the  first  question,  it  must  be 
remembered  that  microbes,  even  if  placed  under  what  are  ap- 
parently exactly  similar  conditions,  have  markedly  different  rates 
of  growth.    To  take  an  extreme  example:  B.  tuberculosis  grows  , 
but  slowly  at  37°  C,  B.  prodigiosus  at  the  same  temperature  | 
grows  rapidly ;  if,  then,  a  liquid  culture-medium  be  inoculated  at  | 
the  same  time  with  both  of  these  bacilli  and  be  incubated  for 
twenty-four  hours,  it  will  be  found  at  the  end  of  that  time  that 
B.  prodigiosus  is  the  only  micro-organism  recognisable.     But  ; 
since  B.  prodigiosus  in  its  growth  has  used  up  certain  con-  \ 
stituents  of  the  medium,  and  as  the  result  of  its  vital  activity 
has  added  certain  other  constituents  to  the  medium,  one  cannot, 
a  priori,  say  whether  under  the  circumstances  B.  tuberculosis,  j 
which  undoubtedly  was  present  in  a  living  condition  at  first,  and  I 
would  have  multiplied  in  due  course  had  it  been  unaccompanied,  i 
will  multiply  later  or  not.    It  is  certain,  therefore,  that  though 
several  varieties  of  micro-organism  may  be  at  the  initial  moment  | 
present  in  the  culture-medium,  the  conditions  may  be  so  much  ] 
more  favourable  for  the  growth  of  one  particular  variety,  that  it  < 
and  its  progeny  may  crowd  out  its  companions.    This  is  the  J 
principle  which  is  adopted  for  the  separation  of  V.  cliolercR  \ 
asiaticce  from  the  stools  of  cholera  patients  in  which  numberless  j 
other  micro-organisms  may  be  present.    By  selecting  a  culture-  j 
medium  which  is  favourable  for  the  growth  of  F.  cliolercB  but  i 
relatively  less  favourable  for  the  growth  of  other  bacteria,  V.  ■ 
cholercB  multiplies  quite  out  of  proportion  to  the  other  microbes 
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present,  and  the  ease  with  which  it  is  obtained  in  pure  culture  is 
thereby  proportionately  increased. 

But  growth  of  a  micro-organism  in  a  culture-fluid  gradually 
comes  to  an  end,  partly  as  the  result  of  exhaustion  of  the  culture- 
medium  (c/.  Str.  enjsipelatis,  which  ceases  to  grow  when  it  has 
used  up  the  peptone  in  the  culture-medium,  as  shown  by  Cobbett 
and  Melsome),  partly  as  the  result  of  the  accumulation  in  the 
culture-medium  of  the  products  of  its  own  life  history  {cf. 
Saccharomyces  cerevisice,  the  growth  of  which  is  stopped  by  the 
accumulation  in  the  culture-medium  of  the  alcohol  which  it  forms, 
as  shown  by  Pasteur).  If,  then,  the  original  culture-fluid  have 
been  inoculated  with  several  varieties  of  micro-organism,  after 
the  growth  of  one  of  them  has  come  to  an  end,  a  second  which 
has  survived  may  find  the  culture-medium,  as  modified  by  the 
previous  growth  of  the  first,  so  suitable  for  its  own  requirements, 
that  it  may  now  commence  to  multiply  with  rapidity  and  in  its 
turn  yield  so  overwhelming  a  number  of  that  particular  variety 
as  almost  to  constitute  a  pure  culture.  An  example  of  this  con- 
dition probably  exists  when  B.  tetani,  an  anaerobic  bacillus,  is 
introduced  into  the  animal  body  subcutaneously  through  a  slight 
wound  or  scratch  and  produces  disease.  The  conditions  under 
which  it  finds  itself  are  not  anaerobic,  though  the  amount  of 
oxygen  present  must  be  but  limited.  B.  tetani,  however,  gains 
access  to  the  animal  body  under  natural  conditions  in  such  a  way 
that  it  is  almost  absolutely  certain  to  be  accompanied  by  other 
and  aerobic  bacteria.  These  multiplying  in  the  exudation  from 
the  wound  or  scratch  and  requiring  oxygen  for  their  growth,  use 
up  the  limited  amount  of  oxygen  present  and  therefore  provide 
anaerobic  conditions  in  which  now  for  the  first  time  the  B.  tetani 
or  its  spores  are  able  to  grow.  The  after-production  of  the  chain 
of  symptoms  which  constitutes  the  disease  then  becomes  perfectly 
simple. 

A  good  example  of  the  effects  of  symbiosis  was  discovered  in 
1894  by  Metchnikoff.  He  found  that  when  F.  cliolerce  asiaticcD 
has  apparently  died  (i.e.  fails  to  yield  a  culture  when  inoculated 
into  fresh  media  in  the  ordinary  way)  it  may  be  revivified  by 
allowing  it  to  grow  on  gelatine  in  the  company  of  certain  aerial 
micro-organisms ;  these  latter,  by  producing  some  unknown 
changes  in  the  gelatine,  render  it  so  eminently  favourable  for  the 
growth  of  V.  c/iolercB  that  even  though  this  microbe  is  unable  to 
multiply  under  the  usual  conditions — and  it  is  normally  one  of 
the  easiest  of  known  micro-organisms  to  cultivate — it  is  now  able 
to  multiply  without  difficulty.     The  pathological  and  hygienic 
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importance  of  such  a  fact  can  hardl}^  be  over-estimated.  For 
some  authorities  hold  it  probable  that  the  production  of  such 
diseases  as  cholera  and  typhoid  fever  is  closely  bound  up  with 
symbiosis,  if  not  absolutely  dependent  upon  it. 

Another  marked  example  of  symbiosis  w&s  found  by  Kohl- 
brugge.  In  a  diarrhoeic  stool  this  investigator  discovered  a 
pleomorphic  bacillus  and  a  pleomorphic  spirillum  which  were 
difficult  to  separate.  This  was,  however,  done  by  special  cultural 
means,  and  it  was  found  that  each  micro-organism  readily  died 
out  in  the  absence  of  the  other.  Further,  acting  together,  they 
produced  a  peptonising  ferment  (though  each  was  unable  to  pro- 
duce it  separately),  and  were  unable  to  reproduce  it  when  again 
brought  together  after  a  temporary  separation. 

With  regard  to  the  second  question,  namely,  does  symbiosis 
produce  any  modification  of  the  products  of  vital  activity  of  a 
micro-organism?  we  have  much  less  evidence  at  our  disposal. 
Eioux  and  Yersin  consider  that  the  progress  of  diphtheria — which 
depends,  cceteris  paribus,  upon  the  amount  of  diphtheria-toxin 
produced  by  the  bacilli  and  absorbed  by  the  body — is  much  more 
unfavourable  if  the  diphtheria  bacilli  in  the  fauces  are  accom- 
panied by  streptococci  than  if  they  are  found  in  pure  culture. 
Although  the  fact  itself  is  generally  accepted,  it  would  be  difficult  to 
assert  that  the  reason  depends  upon  an  increased  virulence  of  the 
products  of  the  diphtheria  bacilli  rather  than  upon  an  actual 
increase  in  their  number  determined  by  symbiosis,  or  than  upon 
a  diminution  in  the  vital  resistance  of  the  subject  as  the  result  of 
absorption  of  the  products  of  the  vital  activity  of  the  streptococci. 
However,  that  such  a  modification  of  bacterial  metabolic  products 
as  we  are  now  considering  may  quite  possibly  be  induced  by 
symbiosis,  perhaps  no  one  would  venture  to  deny. 

Symbiosis  may  be  either  obligatory  or  facultative,  but  too 
little  is  known  upon  the  subject  generally  for  us  to  enter  into  a 
discussion  of  these  questions.  It  may  be  mentioned,  however, 
that  in  the  case  of  certain  alcoholic  fermentations  {e.g.  that 
-occurring  in  the  manufacture  of  ginger  beer)  the  co-existence  of 
two  micro-organisms  is  absolutely  necessary,  the  particular  kind 
of  fermentation  not  occurring  in  the  presence  of  either  of  them 
alone. 

(ix)  Antag-onism. — In  a  large  number  of  cases  antagonism  of 
bacteria  simply  means  that  one  variety  grows  so  luxuriantly  that 
it  crowds  out  any  others  that  may  have  been  present  originally ; 
but  there  is  a  certain  amount  of  definite  evidence  that  a  condition 
■of  positive  antagonism  may  obtain.    Thus  if  B.  anthracis  and 
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B.  pijocyaneus  be  grown  together  in  a  test-tube,  the  anthrax 
bacilli  undergo  a  diminution  in  virulence.  The  subject  has 
recently  been  worked  at  by  Lode  owing  to  a  chance  observa- 
tion of  cultures  of  M.  tetragenus.  He  found  that  on  solid  media 
this  micro-organism  exerts  a  strong  antagonistic  influence  upon 
B.  anthracis,  Staph,  pyogenes  aureus,  &c.,  and  has  a  decided 
antagonistic  influence  upon  B.  typhosus  and  V.  cholerm  asiatica. 
Upon  many  other  micro-organisms  tested  it  was  without  effect. 
The  antagonising  substance  was  found  to  be  a  product  of  the 
micrococcus,  dialy sable,  neutral  in  reaction,  and  destroyed  by 
boihng. 

(x)  Pathog-eniclty. — In  the  course  of  the  preceding  pages  the 
terms  '  pathogenetic  '  and  '  non-path ogenetic  '  have  frequently 
been  used.    It  is  necessary  now  to  consider  what  meaning  should 
be  attached  to  them.   At  the  first  glance  it  seems  easy  to  say  that 
they  mean  '  causing  disease  '  and  '  not  causing  disease '  respec- 
tively ;  but  when  the  question  is  looked  into  more  closely,  it  is  seen 
that  the  terms,  as  commonly  used,  tacitly  imply  more  than  bare 
etymology  warrants.    Let  us  take  some  concrete  examples.  We 
find  that  Aspergillus  niger,  which  under  ordinary  circumstances 
is  a  harmless  saprophyte,  may  occasionally  gain  access  to  the 
lungs  and  lead  to  a  severe  broncho-pneumonia  ;  that  B.  diphthericB, 
which  causes  severe  disease  in  man,  is  without  effect  upon  the 
mouse ;  that  B.  anthracis,  which  leads  to  disease  in  many  warm- 
blooded animals,  including  man,  may  be  injected  in  large  quan- 
tities into  the  frog  without  effect.    We  find  also  that  the  effects 
of  one  and  the  same  micro-organism  are  vastly  different,  according 
to  the  region  of  the  body  into  which  it  is  introduced  ;  a  virulent 
culture  of  F.  cholercB  asiaticm,  for  example,  introduced  into  the 
peritoneal  cavity  of  a  guinea-pig,  produces  severe  peritonitis  and 
death  in  twenty-four  hours  or  thereabouts,  but  the  same  amount 
of  the  same  culture  injected  into  the  subcutaneous  tissue  of 
another  apparently  similar  guinea-pig  produces  but  little  constitu- 
tional effect,  and  merely  a  slight  and  temporary  inflammatory 
swelling,  or  at  most  a  localised  death  of  the  tissues  and  ulceration 
around  the  seat  of  inoculation.  A  cultivation  of  B.  diphthericB,  on 
the  other  hand,  acts  in  exactly  the  opx^osite  manner :  injected  into- 
the  peritoneal  cavity  of  a  guinea-pig,  it  produces  slight  and 
transient  symptoms  (so  long  as  toxin  be  not  introduced  along  with 
the  bacilli)  ;  injected   subcutaneously,  it  causes  marked  and 
increasing  swelling,  severe  constitutional  symptoms  and  death  in 
perhaps  24-48  hours.    It  further  appears  that  the  previous  treat- 
ment which  the  animal  has  undergone  has  a  share  in  determining 
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pathogenicit}^  or  non-pathogenicity.  For  we  find  that  the  hen, 
which  norn;ially  is  unaffected  by  B.  anthracis,  becomes  affected 
with  and  ultimately  dies  of  anthrax  if  previous  to  inoculation  she 
have  been  immersed  for  a  short  time  in  cold  water  (Pasteur).  So 
also  an  animal  such  as  a  rabbit  or  guinea-pig,  which  normally 
falls  a  ready  victim  to  a  subcutaneous  inoculation  with  B. 
diphtkerice,  remains  absolutely  unaffected  by  many  times  the 
dose  of  bacilli  which  otherwise  would  have  been  fatal  if,  previous 
to  inoculation,  it  has  been  subjected  to  a  sufficiently  large  injection 
of  diphtheria  antitoxic  serum.  Nor  is  the  age  of  the  animal 
without  importance,  for  we  find  that,  whereas  B.  anthracis  is 
non-pathogenetic  for  adult  white  rats,  it  is  pathogenetic  for  young 
white  rats.  Next  there  is  the  fact  that  a  microbe,  otherwise  non 
pathogenetic  for  a  certain  species  of  animal,  may  become  patho- 
genetic if  it  be  associated  with  the  products  of  another  non- 
pathogenetic  microbe  :  the  bacillus  of  quarter-evil  is  non- 
pathogenetic  for  rabbits,  yet  if  at  the  same  time  as  the  inoculation 
with  bacillus  of  quarter- evil  there  be  injected  one  or  two  cubic 
centimetres  of  a  filtered  culture  of  B .  prodigiosus ,  which  is  also 
non-pathogenetic  for  animals,  these  animals  become  infected 
with  the  bacillus  of  quarter-evil  and  die  (Koger).  Lastly,  to 
make  the  question  even  more  difficult  of  solution,  we  find  that  in 
the  case  of  almost  any  micro-organism,  if  the  dose  injected  be 
large  enough,  the  animal  may  be  killed,  as  the  result  of  the 
growth  of  that  micro-organism.  It  is  therefore  seen  that  patho- 
genicity and  non-pathogenicity  are  terms  to  which  no  absolute 
meanings  can  be  attached,  since  they  may  depend  at  least  upon 
(a)  the  species  of  the  micro-organism,  (&)  the  species  of  animal 
inoculated,  (c)  the  seat  of  inoculation,  (d)  the  previous  treatment, 
if  any,  to  which  the  animal  has  been  subjected,  (e)  the  age  of  the 
animal,  (/)  the  presence  or  absence  of  other  micro-organisms  at 
the  seat  and  at  the  time  of  injection,  {g)  the  dose  of  the  micro- 
organism used  for  inoculation.  "We  cannot  speak  of  Aspergillus 
niger  as  a  pathogenetic  microbe  because  under  exceptional  cir- 
cumstances it  causes  disease  in  man,  any  more  than  we  can  call 
B.  anthracis  a  non-pathogenetic  microbe  because  it  normally 
produces  no  disease  in  the  frog. 

But  being  given  that  a  micro-organism  is  pathogenetic,  it  is 
necessary  fm'ther  to  consider  upon  what  property  or  properties 
that  pathogenicity  depends.  In  such  diseases  as  tetanus  and 
diphtheria,  where  the  specific  microbe  never,  or  only  under 
exceptional  conditions,  gains  access  to  the  body  at  large,  but 
multiplies  locally  at  the  seat  of  its  introduction,  it  is  clear  that 
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the  disease  must  ultimately  depend  upon  absorption  of  the  toxin 
which  is  formed  at  the  site  of  growth  of  the  bacillus,  and  the 
action  of  that  toxin  upon  the  body.  For  in  both  diphtheria  and 
tetanus,  the  symptoms  of  the  disease  point  with  unerring  finger 
towards  an  implication  of  the  central  nervous  system,  which  is 
far  removed  from  the  seat  of  growth  of  the  bacilli  in  question. 
But  the  truth  of  this  view  is  conclusively  proved  when  it  is 
shown— and  this  can  readily  be  done  in  both  cases — that  the 
disease  in  its  entirety  can  be  reproduced  by  introducing  into  the 
body  the  toxins  formed  by  these  bacilli  apart  from  the  bacilli 
themselves.  It  is  therefore  clear  that  certain  micro-organisms 
are  pathogenetic  by  virtue  of  the  toxins  which  they  produce,  and 
it  is  highly  probable  that  this  is  the  chief  way  in  which  the 
greater  number,  if  not  all,  pathogenetic  bacteria  act.  But  a 
glance  at  a  microscopic  section  of  the  lung,  spleen,  or  liver  of  a 
rabbit  or  guinea-pig  that  has  succumbed  to  anthrax,  in  which 
suitable  staining  shows  the  capillaries  to  be  literally  packed  with 
anthrax  bacilli,  leaves  no  doubt  that  a  portion  of  the  effect  pro- 
duced by  that  bacillus  must  be  mechanical.  Such  a  mechanical 
action  is  probably  superadded  upon  the  specific  toxic  action  of  all 
those  bacteria  which,  at  the  time  of  death,  are  found  to  be  swarm- 
ing in  the  blood  and  organs. 

(xi)  Specificity.— In  order  to  prove  conclusively  that  a  certain 
micro-organism  is  the  cause  of  a  certain  specific  disease,  the 
following  five  fundamental  conditions  must  be  satisfied.  The 
first  four  are  known  as  '  Koch's  postulates.' 

I.  The  micro-organism  must  be  found  in  the  bodies  of 
animals  suffering  from  or  dead  of  that  disease,  and 
that  disease  alone. 
II.  The  micro-organism  must  be  isolated  from  the  body  of 
the  diseased  animal,  and  must' permit  of  pure  cultiva- 
tion in  successive  generations  on  artificial  media  out- 
side the  animal  body. 

III.  A  pure  cultivation  of  the  micro-organism  thus  obtained 

must,  when  introduced  into  the  body  of  a  healthy 
animal,  reproduce  the  disease  in  question. 

IV.  In  the  second  animal  the  same  micro-organism  must  be 

found. 

V.  From  this  second  animal  it  must  be  possible  once  more 
to  obtain  a  pure  cultivation  of  the  micro-organism.^  . 

'     his  '  postulate '  is  necessary  in  order  to  prove  that  the  bacterium  in  question 
in  a  living  condition  during  the  period  in  which  the  disease  was  running  its  course 
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Considering  the  stringency  of  the  conditions  imposed,  and  the 
youth  of  hacteriology  as  a  science,  it  is  astonishing  how  many 
micro-organisms  have  been  already  proved  beyond  question  to  be 
the  causes  of  certain  diseases. 

From  the  nature  of  the  case  the  number  of  diseases  incidental 
to  man,  in  which  absolute  proof  has  been  given,  is  much  smaller 
than  in  the  case  of  diseases  common  to  man  and  certain  animals, 
or  incidental  to  animals  alone.  With  regard  to  the  aetiology  of 
most  human  diseases  which  are  looked  upon  as  of  microbial 
origin,  we  are,  however,  at  the  present  time  forced  to  be  content 
with  evidence  which,  though  in  some  cases  it  is  almost  conclusive, 
nevertheless  does  not  amount  to  absolute  proof.  For  other 
diseases  {e.g.  syphilis,  variola),  though  no  micro-organism  has  as 
yet  been  discovered  which  can  certainly,  be  regarded  as  the  cause, 
and  though  at  present  the  real  evidence  at  our  disposal  is  the 
infective  nature  of  the  disease,  we  may  with  confidence  predict 
that  at  some  future  time  they  too  will  be  classed  among  those 
diseases  the  causal  relationship  between  each  of  which  and  a 
specific  micro-organism^has  been  scientifically  proved. 

Below  is  given  a  list  of  the  chief  micro-organisms  which  it  is 
generally  accepted  are  associated  with  disease  or  diseased  condi- 
tions in  man.    It  must  not,  however,  be  regarded  as  complete. 


B.  antkracis,  associated  with  - 


Anthrax,  malignant  pustule,  or 


B.  diplithericE  „ 

B.  clysentericB  (Shiga,  Flex- 


wool-sorter's  disease. 
Diphtheria. 

Some  varieties  of  acute  dysen- 


ner),  associated  with  j 
B.  enteritidis  (Gaertner),  ] 


tery. 

Some  forms  of  enteritis,  especi- 


associated  with  ) 


ally  in  food  poisoning. 
Influenza. 
Yellow  fever. 
Leprosy. 
Glanders. 
Surgical  gangrene. 
Oriental  plague. 

Some  cases  of  croupous  pnou- 


Bacilli 


B.  influenzcB  „ 

B.  icteroides  „ 

B.  leprce,  „ 

B.  mallei,  „ 

B.ocdematismaligni  „ 

B.  pestis,  ,, 

B.  2}neumonia3  (Friedlander), 


associated  with  j 


monia,  Ehinoscleroma  (?). 
Blue  or  green  pus. 
Tetanus. 

Tuberculosis  in  all  its  forms. 
Enteric  or  tj-phoid  fever. 

Soft  chancre. 


B.  pyocyaneus,  „ 
B.  tetani,  „ 
B.  tuberculosis,  .  „ 
B.  typhosus,  „ 
B.  ttlceris    mollis  (Ducrey),  ) 


associated  v/ith 


in  the  second  animal :  in  other  words,  to  prove  that  the  disease  in  the  second  animal 
was  the  result  of  the  vital  activity  of  the  micro-organism. 
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Diplococcus  gonorrhoece,  as-  J 
sociated  with 

Diplococcus   intracellularis  ( 
(Weichselbaum),  associated 
with 


Micrococci  .  (  Diplococcus  ])neutnonia 
(Frankel),  associated  with 


Micrococcus  vielitensis,  asso- 
ciated with 
Staphylococcus      pyogenes  j" 
alhus,  asso-  | 


aureus  and 
ciated  with 


Spirilla 


Streptococcus  pyogenes  (ery- 
sipelatis),  associated  with 

Vibrio  cliolerce  asiaticce  (va- 
rieties of),  associated  with 
Spirillum  Obermeieri,  asso- 
ciated with 
,  Achorion  Schdnleinii,  asso- 
ciated with 
Microsporon   furfur,  asso- 
"ciated  with 
True  Moulds  J  ^^^^  ^^<^^osporon  and  Fam.  | 
^     Triclioijhyta   (20  species)  ^ 
associated  with 

Various  streptothriceae,  asso- 
ciated with 


Gonorrhoea,  gonorrhceal  con- 
junctivitis and  gonorrhceal 
synovitis  or  rheumatism  ; 
some  cases  of  ulcerati\  e  endo- 
carditis and  of  pyaemia. 

Epidemic  and  sporadic  cerebro- 
spinal meningitis  ;  most  cases 
of  posterior  basic  meningitis. 

Most  cases  of  lobar  pneumonia, 
and  of  empyema  in  children  ; 
many  cases  of  broncho-pneu- 
monia in  children  ;  some  cases 
of  otitis  media,  of  endocarditis, 
of  arthritis,  of  peritonitis,  of 
suppurative  meningitis  and 
cerebral  abscess,  a  minority 
of  cases  of  posterior  basic 
meningitis. 

Malta  fever. 

Suppuration  ;  septicaemia  ;  py- 
ffimia ;  osteomyelitis  ;  some 
cases  of  endocarditis. 

Same  conditions  as  those  in- 
duced by  StapTi.pyog.  aureus ; 
erysipelas. 

Asiatic  cholera. 


Torula 


Saccharomyces  mycoderma, 
associated  with 


•  Relapsing  fever. 
Favus. 

Pityriasis  versicolor. 

Tinea  tonsurans  (ringworm). 

Actinomycosis,  Madm-a  foot, 
and  certain  other  similar  in- 
fections. 

Aphthae  (thrush). 


Below  is  given  a  list  of  infective  diseases  of  which  the  specific 
micro-organisms  have  not  as  yet  been  certainly  discovered,  but 
concerning  whose  microbial  (vegetable  or  animal)  origin  there  is 
the  strongest  presmnptive  evidence.  In  the  case  of  all  the 
diseases  mentioned,  except  rabies,  micro-organisms  have  been 
described,  and  in  some  instances  different  authors  have  put 
forward  the  claims  of  different  micro-organisms.    Thus,  at  the 
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present  time,  at  least  four  different  organisms  are  claimed  by 
their  discoverers  as  being  the  cause  of  syphilis. 


I  Acute  articular  rheumatism, 
j  Chorea. 

]  Eheumatoid  arthritis  (cer- 
\    tain  varieties). 
Coryza. 

Follicular  tonsilUtis. 


Morbilli. 

Mumps. 

Pertussis. 

Eabies. 

Rotheln. 

Scarlatina. 


Sleeping  sickness. 
Summer  diarrhoea. 
Syphilis. 
Typhus  fever. 
Varicella. 

Variola  and  vaccinia. 


In  the  following  diseases  incidental  to  man  there  is  good 
reason  for  believing  that  a  microbial  origin  v^ill  in  the  future  be 
discovered : 

Acute  anterior  poliomyelitis.  Landry's  paralysis.  Beri-beri. 
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CHAPTEE  III 

ON  CERTAIN  PATHOGENETIC  ANIMAL 
MICBO-OBGANISMS 

It  is  curious  that  one  of  the  first  micro-organisms  that  led 
Pasteur  to  the  foundation  of  the  entire  subject  of  bacteriology 
was  not  of  a  vegetable  nature  but  animal.  Among  the  lowest 
forms  of  life  it  is  often  difficult,  if  not  impossible,  to  come  to 
a  definite  conclusion  as  to  whether  a  given  form  is  animal  or 
vegetable,  and  this  difficulty  will  clearly  appear  when  the  so- 
called  '  parasites  of  carcinoma  and  sarcoma  '  are  under  discussion 
in  a  later  chapter.  But  in  the  case  of  certain  diseases  affecting 
man  and  animals  the  animal  nature  is  undoubted.  In  the 
present  chapter  only  those  conditions  will  be  referred  to  in  which 
this  point  is  conclusively  proved.  Further,  the  entire  subject  is 
one  upon  which  relatively  little  is  known,  so  that  in  most 
instances  the  more  intimate  processes  at  work  are  unsolved. 
Any  other  than  a  fragmentary  method  of  handling  the  subject 
is  therefore  impossible. 

Most  of  the  animal  micro-organisms  that  will  come  under  our 
notice  are  classed  together  as  '  hjematozoa,'  and  belong  to  the 
lowest  order  of  the  '  protozoa,'  but  it  is  certain  that  onlj'-  a 
portion  of  the  haematozoa  belong  to  the  protozoa.  Thus  the 
young  embryos  of  the  filaria  parasite  live  in  the  blood,  but  they 
belong  to  the  nematode  worms.  On  the  other  hand,  in  the 
disease  known  as  nagana  or  '  tsetse-fly '  disease  of  cattle,  in 
the  disease  of  horses  known  as  surra,  and  in  sewer  rats  almost 
everywhere,  a  worm-like  micro-organism  is  found  which  differs  in 
the  different  diseases,  but  is  certainly  a  member  of  the  lowest 
animal  group  in  spite  of  its  appearance. 

In  the  examples  that  have  been  given  in  the  last  paragraph 
the  parasite  is  found  in  the  blood  plasma,  but  other  varieties 
of  animal  micro-organism  carry  out  a  fundamental  portion  of 
their  life  history  within  the  very  substance  of  the  red  blood 
<3orpuscles.    Of  these  the  various  forms  of  the  malarial  parasite 
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are  best  worked  out,  and  they  will  engage  our  attention  most. 
Eecently,  however,  it  has  been  found  that  a  number  of  diseases 
of  lower'  animals  in  which  hematuria  or  hsemoglobinuna  is  a 
very  constant  feature,  depend  upon  a  similar  parasitic  micro- 
organism which  also  inhabits  the  red  blood  corpuscles. 

Lastly,  in  '  pebrine,'  and  in  some  similar  diseases  affecting 
certain  of'  the  lepidoptera,  although  the  disease  is  caused  by  a 
microscopic  protozoon,  this  lives  within  the  intestine  of  the 
insect. 

The  Parasites  of  Malaria.— It  is  universally  agreed  that  three 
distinct  varieties  of  the  malarial  parasite  exist :  (1)  the  parasite 
of  quartan  ague,  (2)  that  of  benignant  tertian  ague,  and  (3)  that 
of  malignant  tertian  or  sestivo-autumnal  or  summer-autamn  ague. 
To  these  some  authors  add  a  special  variety  that  differs  principally 
in  being  unprovided  with  pigment,  as  the  specific  cause  of  quoti- 
dian ague.  These  varieties  are  distinguished  by  the  characters 
of  their  granules  and  by  the  manner  in  which  they  segment,  by 
the  size  to  which  the  mature  parasite  attains,  and,  in  the  case  of 
the  malignant  tertian  parasite,  by  the  existence  of  a  special  form 
under  certain  circumstances.  But  one  of  the  most  important 
differences,  that,  indeed,  upon  which  the  actual  characters  of  the 
type  of  ague  which  they  induce  depends,  consists  in  the  different 
lengths  of  time  that  are  necessary  for  their  full  development. 
Thus  the  tertian  parasites  complete  a  cycle  of  their  life  history 
within  the  body  in  forty-eight  hours,  while  the  quartan  parasite 
requires  seventy -two.  This  fact  explains  the  other  fact,  that  the 
parasites  are  to  be  found  in  the  largest  numbers  in  the  patient's 
blood  at  or  about  the  time  when  the  rise  of  temperature  ushering 
in  the  ague  fit  commences. 

All  the  varieties  of  parasite  pass  through  both  a  sexual  and 
an  asexual  existence,  the  latter  being  carried  on  in  the  body  of 
the  animal  in  which  they  produce  the  disease,  and  the  former 
or  sexual  being  carried  on  outside  the  body.  "Whether  it^  is 
possible  for  the  sexual  mode  of  reproduction  to  be  carried 
out  within  the  body  of  man,  or  for  the  asexual  method  to 
be  carried  out  outside  the  body,  is  not  known.  In  the  case  of 
malignant  tertian  parasite  a  special  form  occurs  in  which  the 
sexes  are  distinguishable  ('crescents'),  but  in  all  the  other 
varieties  the  male  and  female  forms  are  spherical  like  those  of 
the  asexual  forms.  The  sexual  portion  of  the  life-history  occurs 
within  the  body  of  the  mosquito,  but  not  all  varieties  of  this 
insect  are  concerned  in  the  transmission  of  malaria,  for  the  genus 
Anopheles  is  necessary.    Into  the  points  of  distinction  between 
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this  genus  and  the  genus  Gulex,  which  is  closely  similar,  but  has 
no  part  in  the  malaria  question,  it  is  unnecessary  to  enter  here. 

Shortly  described,  the  life  history  of  the  malarial  parasite  is  as 
follows :  Once  an  individual  has  become  infected,  the  parasites 
enter  certain  of  the  red  blood  corpuscles.  At  their  first  appear- 
ance here  they  are  recognisable  as  minute  bodies  which  may  or 
may  not  have  amoeboid  movements  according  to  the  variety  in 
question,  which  are  colourless,  highly  refractile,  and  more  or  less 
spherical  in  the  unstained  film  of  blood ;  in  specimens  stained  by 
some  method  which  consists  essentially  in  the  use  of  methylene 
blue  and  eosin  they  are  tinted  a  pale  blue,  and  are  seen  to  lie 
definitely  within  the  erythrocytes,  either  centrally  or  excentrically. 
Such  '  spheroidal  bodies  '  or  '  plasmodia  '  are  about  1/x  in  diameter 
when  first  recognisable,  but  they  rapidly  increase  in  size  until  in 
some  varieties  they  may  reach  to  7/a.  At  the  same  time  certain 
changes  have  been  going  on  within  them.  With  the  enlargement 
in  size  there  has  appeared  in  their  substance  a  number  of  granules 
of  black  or  dark  brown  pigment,  and  the  pigmentation  corresponds 
fairly  well  with  their  size  and  therefore  with  their  age.  When 
they  have  reached  a  certain  size  they  segment,  and  here  again 
certain  differences  show  themselves  according  to  the  variety  of 
parasite  that  is  under  observation  ;  but  the  common  form  is  one 
in  which  a  '  rosette  '  is  produced,  in  the  centre  of  which  is  collected 
the  pigment.  Shortly  afterwards  the  entire  parasite  breaks  up 
into  a  number  of  small  bodies  which  corresponds  with  the  number 
of  segments  of  which  the  rosette  was  composed.  While  these 
changes  have  been  going  on  in  the  parasite  the  red  blood  corpuscle 
has  been  undergoing  alteration.  It  becomes  paler  from  removal 
of  its  haemoglobin,  upon  which  the  parasite  lives,  and  which  is 
ultimately  the  source  whence  the  black  pigment  of  the  parasite 
is  formed,  and  at  the  time  when  the  parasite  has  reached  its  full 
size  and  is  about  to  break  up  into  its  segments  or  '  sporules,'  it  is 
reduced  to  a  narrower  or  wider  ring  of  almost  colourless  proto- 
plasm surrounding  the  parasite.  With  the  breaking  up  of  the 
parasite  the  red  blood  corpuscle  ruptures  and  the  sporules  are  set 
free  into  the  plasma.  Thence  they  invade  fresh  red  corpuscles, 
and  the  same  cycle  of  changes  is  gone  through.  This  series  of 
changes  is  known  as  the  '  asexual  cycle  of  Golgi.' 

If,  during  the  time  when  parasites  are  present  in  the  blood, 
the  individual  is  bitten  by  an  anophelous  mosquito,  certain  of  the 
infected  corpuscles  are  transferred  to  the  stomach  of  the  insect, 
and  there  undergo  a  marvellous  series  of  changes  which  have 
been  principally  elucidated  by  Ross  (acting  on  the  suggestion  of 
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Manson,  who  first  proposed  the  idea  that  the  mosquito  is  involved 
in  the  transmission  of  malaria),  and  is  therefore  summed  up  under 
the  name  of  the  'sexual  cycle  of  Ross.'  Within  the  stomach  of 
the  mosquito  conjugation  of  the  two  sexual  forms  of  the  malarial 
parasite  takes  place,  and  a  body  is  formed  which  is  pointed  at  one 
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Fig.  4.— Schema  showing  the  Human  and  Mosquito  Cycles  of  the  Malarial 
Parasite.    (Copied  from  '  The  Practitioner,'  March  1901.) 


A.  Normal  red  blood-corpuscle. 

B,  C,  D,  E,  I.  Corpuscles  containing 
amoebulEe  or  myxopods. 

F,  G,  H.  Sporocytes. 

J',  K',  L',  M'.   Micro-gametocytes,  or 

male  gametes. 
J",  K",  L",  M",  0".  Macro-gameto- 

cytes,  or  female  gametes. 


N,  N.  Micro-gametes. 
P.  Travelling  vermicule. 
Q.  Young  zygote. 
E,  S.  Zygotomeres. 
T.  Blastophore. 
XJ.  Mature  zygote. 


end  ('  travelling  vermicule ')  and  which  bores  into  the  inuscular 
wall  of  the  mosquito's  stomach.  Here  it  undergoes  a  further 
series  of  changes,  accompanied  by  a  considerable  enlargement  in 
size,  and  resulting  in  the  formation  of  a  sac  filled  with  a  large 
number  of  whip-like  bodies.  In  a  short  time  this  sac  ruptures, 
and  the  whip-like  bodies  are  set  free-  into  the  peritoneal  cavity  of 
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the  mosquito.  Thence  they  travel  into  the  saHvary  glands,  which, 
in  the  mosquito,  are  in  direct  connection  with  the  peritoneal 
cavity,  and  are  ready  to  be  injected  into  a  fresh  human  sub- 
ject when  the  infected  mosquito  bites  him  in  order  to  feed 
upon  his  blood.  Introduced  into  the  man,  the  whip-like  bodies 
become  spheroidal  after  having  invaded  red  blood  corpuscles, 
and  a  condition  is  produced  similar  to  that  with  wkich  we 
started. 

Possibly  in  the  case  of  all  varieties  of  malarial  parasite,  and 
certainly  in  the  case  of  the  malignant  tertian  parasite,  a  stage 
may  be  observed  to  occur  in  the  asexual  cycle  that  also  occurs  in 
the  sexual  cycle.  Thus  it  is  certain  that  the  crescents  present  in 
this  variety  are  the  differentiated  sexual  elements,  and  the  two 
sexes  may  be  distinguished  by  the  arrangement  of  the  pigment 
which  is  always  present  in  the  middle  third.  The  crescent  is 
always  ectoglobular,  and  in  the  male  the  pigment  is  grouped  into 
an  irregular  mass,  whereas  in  the  female  it  is  arranged  in  a  circle. 
The  crescents  are  8-9/i  in  length  and  2/u,  in  their  greatest  breadth ; 
they  are  sickle-shaped,  and  not  infrequently  the  remnant  of  the 
red  corpuscle  in  which  the  earlier  stages  of  their  formation  were 
carried  out  is  attached  to  the  middle  third.  So  far  as  is  known, 
crescents  do  not  undergo  any  further  changes  within  the  human 
body ;  but  when  the  blood  is  shed,  it  is  possible  to  see  that  the 
subsequent  changes  they  undergo  are  remarkable.  The  male 
crescents  become  globular  and  flagellated.  The  female  crescents 
become  globular  and  provided  with  two  small  projections  from 
their  surface.  The  flagellated  bodies  had  long  been  known 
before  their  real  significance  was  determined.  The  flagella  are 
three  or  four  times  the  diameter  of  a  red  corpuscle  in  length,  and 
they  vary  up  to  four  in  number.  It  was  at  first  thought  that  the 
flagella  were  for  the  purpose  of  locomotion,  and  certainly  the 
organism  swims  freely  in  the  fluid  in  which  it  is  situated  by  their 
aid,  but  it  is  now  known  that  they  subserve  a  far  more  important 
purpose.  For  the  flagella  become  detached,  and,  acting  as 
spermatozoa,  attach  themselves  to  and  become  incorporated  with 
the  female  bipolar  bodies  within  the  stomach  of  the  mosquito,  and 
lead  directly  to  the  formation  of  the  zygote. 

It  has  long  been  known  that  there  is  a  close  connection  between 
ague  and  a  marshy  condition  of  the  country,  and  the  idea  has  been 
held  that  ague  was  contracted  by  drinking  infected  water.  The 
female  mosquito,  which  alone  bites  man,  requires  water  for  her 
own  life  history,  for  she  lays  her  eggs  in  water,  and  the  young 
larvae  carry  out  that  portion  of  the  insect's  own  cycle  of  changes 
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in  water.  But  although  it  would  be  unsafe  to  deny  that  malaria 
can  ever  be  contracted  by  drinking  infected  water,  especially  as 
Boss  has  succeeded  in  giving  malaria  to  individuals  by  causing 
them  to  drink  water  in  which  malariated  mosquitos  have  died,  it 
is  certainly  true  that  the  importance  of  water  in  the  whole  question 
lies  in  the  fact  that  it  is  owing  to  its  presence  that  the  supply  of 
mosquitos  is  kept  up.  Malaria  is  conveyed  from  man  to  man 
through  the  direct  intervention  of  the  mosquito  in  the  over- 
whelming majority  of  cases,  if  not  in  all.  For  this  reason  the 
measures  adopted  at  the  present  time  in  reference  to  the  manage- 
ment of  malarious  districts  consists  in  the  removal  of  breeding 
places  for  mosquitos  by  drainage  and  similar  means. 

It  must  not  be  concluded,  however,  that  the  whole  question  of 
malaria  is  as  simple  as  would  appear  from  the  preceding  pages. 
It  is  certain,  for  example,  that  in  those  parts  of  Italy  in  which 
malaria  is  endemic,  anophelous  mosquitos  are  present  also,  and 
that  in  New  Caledonia,  where  there  is  no  malaria,  anopheles  is 
absent,  only  culex  being  found.  But  in  certain  parts  of  Great 
Britain  and  France,  in  spite  of  the  presence  of  anopheles,  malaria 
has  disappeared,  although  at  one  time  endemic.  It  appears, 
therefore,  that  it  is  .  not  merely  a  question  of  the  geographical 
distribution  of  the  anopheles,  but  also  in  large  degree  a  question 
of  their  numbers.  Although  we  need  hardly  fear  that  malaria 
will  again  become  endemic  in  England,  if  it  became  largely  of  a 
marshy  character,  as  it  was  in  the  Middle  Ages,  the  multiplication 
of  the  present  small  numbers  of  anopheles  would  quite  possibly 
be  sufficient  to  conjoin  with  the  existence  in  our  midst  of  a  certain 
number  of  malarious  patients  who  have  contracted  the  disease 
elsewhere,  and  in  time  inoculate  a  large  proportion  of  the  popu- 
lation. 

Malaria-like  Parasites  in  Animals. — Although  it  is  not  neces- 
sary to  enter  in  any  detail  into  this  matter  here,  it  must  be  noted 
that  a  number  of  diseases  is  known  to  affect  the  lower  animals  in 
which  the  actual  cause  is  a  hsematozoon  which  inhabits  the  red 
blood  corpuscles.  The  best  known  of  these  are  halteridium  and 
proteosoma,  which  are  found  with  fair  constancy  in  birds.  It  was 
largely  by  their  investigations  into  the  life  histories  of  these  para- 
sites that  Boss  and  others  were  led  to  the  discovery  of  the  entire 
cycle  of  the  malaria  parasite.  These  hsematozoa  of  birds  are  very 
closely  allied  to  the  malarial  parasite,  and  Laveran  has  included 
them  all  under  the  single  genus  '  Htemamoeba.'  In  near  relation- 
ship, constituting,  in  fact,  the  genera  '  Piroplasma  '  and  '  Htemo- 
gregarina  '  of  •  the  class  '  Htematozoa '  of  the  same  authority. 
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are  certain  blood  parasites  of  warm-blooded  and  cold-blooded 
animals. 

In  the  dog,  sheep,  liorse,  and  in  cattle,  diseases  are  known 
which  differ  somewhat  among  themselves,  but  in  many  in- 
stances are  associated  with  hsematiiria  or  haemoglobinuria,  and 
in  which  a  variety  of  Piroplasma  is  found  in  the  red  blood 
corpuscles..  Each  species  of  animal  seems  to  be  infected  with  its 
peculiar  variety  of  Piroplasma,  although  a  certain  amount  of  cross 
inoculability  appears  to  be  possible  from  laboratory  experiment. 
As  their  name  suggests,  these  parasites  adopt  generally  a  pear 
shape.  Their  hfe  history  is  very  similar  to  that  of  the  malarial 
parasite.    In  some  cases  the  intermediate  host  is  a  tick. 

Members  of  the  genus  Haemogregarina  have  been  found  to 
infect  frogs,  crabs,  crocodiles,  lizards,  and  snakes.  Cold-blooded 
animals  appear  to  be  very  liable  to  these  parasites  even  in  apparent 
health,  but  they  need  not  detain  us  here. 

The  entire  grouping  in  a  zoological  sense  of  the  minute  animal 
parasites  of  the  kind  to  be  considered  in  the  present  paragraph  is 
very  uncertain,  but  it  is  characteristic  of  all  of  them  that  at  one  stage 
■of  their  history  the  fully  formed  individual  breaks  up  into  sporules. 
Although  there  is  no  doubt  that  they  are  not  to  be  grouped  in 
quite  the  same  class  as  the  organisms  that  have  hitherto  been 
<3onsidered,  there  is  no  doubt  that  certain  members  of  that  class 
which  has  been  termed  •  Microsporidia '  by  some  authors  are  of 
pathogenetic  importance.  Of  these  the  best  known  is  that  micro- 
•organism  which  causes  silkworm  disease  or  '  pebrine.'  The  sporules 
into  which  the  mature  parasite  breaks  up  are  found  in  all  stages 
of  the  insect  from  the  egg  to  the  perfect  imago.  There  is  equally 
no  doubt  that  the  sporules  are  passed  by  the  caterpillar  in  its 
faeces,  or  that  the  female  moth  lays  eggs  that  are  themselves 
infected.  Similar  microsporidia  have  been  found  in  the  case  of 
certain  other  lepidoptera  as  well  as  in  orthoptera  anij  in  arach- 
nida  and  some  fishes.  Only  in  the  case  of  the  silkworm  do  they 
lead  to  disease  and  death,  but  in  all  cases  they  appear  to  be  pre- 
sent in  every  tissue  of  the  body,  though  not  equally  distributed. 

Trypanosoma. — -The  trypanosoma  is  a  hsematozoon  which 
differs  considerably  from  those  which  have  previously  been  men- 
tioned. It  lives  in  the  blood  plasma  and  not  in  the  blood  corpus- 
cles, and  it  is  worm-like  in  character.  It  is  provided  with  a  long 
flagellum  with  which  it  progresses  through  the  fluid,  and  with 
a  membranous  sheath  which  envelops  the  greater  part  of  the 
body.  At  least  four  different  varieties  have  been  described,  and 
since  one  of  these  has  been  found  in  man,  and  two  others  are  of 
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the  greatest  economic  importance,  the  group  becomes  of  interest. 
It  is  impossible  to  enter  here  into  a  description  of  the  differences 
between  these  varieties  or  of  the  hfe  history  of  the  group.  With 
regard  to  the  last  point,  our  information  is  still  very  fragmentary. 
It  may  be  mentioned,  hoM^ever,  that  the  so-called  '  tsetse-fly 
disease '  of  South  and  Central  Africa  depends  upon  a  trypanosoma 
as  well  as  the  '  Surra '  disease  of  horses  in  India,  the  '  mal  de 
Caderas,'  a  horse  disease  of  Central  South  America,  and  '  Dourine,' 
a  European  equine  disease  conveyed  by  coitus.  A  varietj^  of 
trypanosoma  is  also  found  in  sewer  rats  all  over  the  world,  but 
does  not  appear  to  lead  to  any  disease  in  them.  Eecently  Castel- 
lani  has  discovered,  and  Bruce  has  confirmed,  the  existence  of  a 
special  variety  of  trypanosoma  in  the  cerebro-spinal  fluid  and 
the  blood  of  negroes  suffering  from  'sleeping  sickness.' 

Amoeba  dysenteriae  and  Amoeba  coli. — Of  a  number  of  amoe- 
boid micro-organisms  inhabiting  occasionally  the  intestine  of 
man,  only  the  Amceha  dysentericc  and  the'  Amoeba  coli  need  be 
mentioned.  Both  of  these  organisms  are  but  little  more  than 
masses  of  protoplasm  with  a  central  nucleus  and  a  digestive 
vacuole ;  but  the  Amoeba  coli,  so  far  as  is  known,  is  without  patho- 
logical importance,  although  it  may  possibly  be  the  cause  of  certain 
cases  of  mucoid  diarrhoea.  The  Amoeba  dysenteric,  on  the  other 
hand,  is  found  with  great  constancy  in  certain  varieties  of  chronic 
dysenterj'',  and  also  in  the  hepatic  abscesses  that  may  be  subse- 
quently produced.  It  must  not  be  supposed,  however,  that  all 
varieties  of  dysentery  are  caused  by  the  animal  parasite,  for  this 
is  not  the  case,  and  it  is  not  certain  that  the  amoebae,  even 
when  present,  are  to  be  looked  upon  as  causes  rather  than  as 
accidental  concomitants  of  the  disease. 

Balantidium  or  Paramoecium  coli. — This  is  a  flagellate 
micro-organism  which  has  a  characteristic  shape,  and  is  more 
highly  organised  than  the  amoebae  of  the  colon.  It  is  not  found 
with  great  frequency,  but  it  has  been  regarded  as  the  cause  of  a 
persistent  diarrhoea  in  some  individuals  in  which  it  was  present, 
by  inducing  a  chronic  irritation  of  the  intestinal  mucous  mem- 
brane. It  is  possible  that  the  intestinal  condition  may  go  on  to 
one  of  ulcerative  colitis. 

In  the  case  of  all  the  animal  micro-organisms  that  have  been 
mentioned  it  is  probable  that  the  principal  effects  are  caused 
mechanically,  the  animal  micro-parasites  in  this  respect  offering 
a  great  contrast  to  the  vegetable  micro-parasites.  Whether  the 
animal  micro-parasites  form  any  substances  analogous  to  toxins 
is  unknown.  There  is  no  doubt  that  they  must  produce  metabolic 
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substances  as  the  result  of  their  life  history,  but  whether  thes& 
substances  act  injuriouslj^  on  their  hosts  is  quite  uncertain.  It  is 
possible  that  some  slight  indication  in  this  direction  is  given  by 
the  fact  that  in  certain  of  the  diseases  the  results  produced  seeno.' 
to  be  quite  out  of  proportion  to  the  number  of  parasites  present, 
but  more  than  this  can  hardly  be  said.  Even  in  the  case  of 
animal  parasites  of  the  magnitude  of  the  tape-worm,  it  is  very 
doubtful  whether  any  poison  is  actually  produced,  although  such 
a  production  of  a  specific  poison  has  been  asserted  by  some? 
authors.  Quite  in  accordance  with  the  view  that  no  specific 
poisons  are  produced  by  the  animal  micro-parasites  is  the  fact 
that  in  the  case  of  most  of  them  it  has  been  found  impossible  to- 
produce  an  artificial  immunity  comparable  to  that  which  has. 
been  produced  in  the  case  of  so  many  of  the  pathogenetic  bacteria. 
Nevertheless,  in  the  case  of  hsemoglobinuria  of  cattle,  an  animal 
which  recovers  is  immune  for  the  future. 
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CHAPTER  IV 

THE  PATHOLOGY  OF  THE  CIBCULATION- 
THE  HEART  AND  PEBICABDIUM 


Synoims. 


I.  Pathology  of  the  Diseases  of  the 

Pericardium,  direct  and  indirect. 

II.  Pathology  of  Endocarditis,  direct  and 

indirect. 

The  Varieties  of  Endocarditis. 
The  Effects  of  Valve  Lesions  on 
{a)  The  Sounds  of  the  Heart. 
Murmurs. 

(b)  The  Size  of  the  Cavities  of 

the  Heart. 

(c)  The  Thickness  of  the  Walls 

of  the  Heart. 


The  Effects  of  Valve  Lesions  on 
{d)  Other  Organs  and  Tissues 
of  the  Body. 

III.  Pathology    of     the  Myocardium, 

direct  and  indirect.  Stenosis  of 
Coronary  Artery. 

IV.  Pathology  of  Congenital  Malforma- 

tion of  the  Heart. 
V.  Pathological  Variations  of  Cardiac 
Bhythm. 

Intermittence. 

Irregularity. 


Though  it  will  be  convenient  to  divide  the  pathology  of  the  heart 
and  pericardium  into  sections  according  as  the  pericardium,  the 
endocardium  including  the  valves,  the  myocardium,  the  circula- 
tion of  the  heart,  or  the  cardiac  rhythm  is  more  exclusively 
affected,  yet  it  must  clearly  be  stated  that  the  importance  of  all 
these  pathological  conditions  essentially  depends  upon  the  fact 
that  they  one  and  all  induce  changes  in  the  heart  itself  whereby 
its  function  as  the  central  force  for  the  maintenance  of  the  circu- 
lation becomes  impaired.  It  will  be  found,  therefore,  that  most 
of  the  conditions  we  are  about  to  consider  primarily  affect  the 
heart  itself,  and  on  that  very  account  secondarily  produce  more  or 
less  grave  affections  of  all  other  parts  of  the  economy. 

I.  Pathology  of  the  Diseases  of  the  Pericardium,  direct  and 
indirect.— The  pericardium  may  be  the  seat  of  a  variety  of 
changes,  but  by  far  the  most  common  and  important  is  inflamma- 
tion or  pericarditis.  This  may  own  many  causes,  e.g.  rheumat- 
ism, scarlatina,  tuberculosis,  renal  disease,  malignant  disease ;  but 
the  most  usual  form  is  that  which  supervenes  during  the  course  of 
acute  rheumatism.    Since  the  pathology  of  all  these  varieties  is 
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essentially  the  same,  though  the  aetiology  diifers  and  though  some 
varieties  are  acute  and  some  chronic,  it  will  be  sufficient  to  discuss 
pericarditis  in  general  terms ;  such  points  as  depend  upon 
peculiarities  in  the  particular  cause  we  can  ignore. 

When  the  pericardium  becomes  inflamed  the  normal  smooth- 
ness and  glistening  nature  of  the  serous  membrane  becomes 
changed  for  a  dull  and  lustreless  appearance.  At  the  same  time, 
the  blood-vessels  which  lie  immediately  beneath  the  endothelial 
covering  of  the  membrane  are  seen  to  be  engorged  with  blood. 
At  first  the  membrane  is  dry,  but  by  degrees  inflammatory 
exudation  from  the  blood-vessels  makes  its  appearance  and  the 
membrane  becomes  covered  by  a  more  or  less  continuous  and 
irregular  layer  of  material  which  consists  of  a  fine  meshwork  of 
fibrin  filaments  enclosing  a  variable  number  of  leucocytes  and 
such  of  the  endothelial  cells  of  the  pericardium  as  may  have  de- 
squamated. At  first  the  filaments  of  which  this  fibrin  consists  are 
delicate  and  have  the  same  appearance  as  fibrin  derived  from  a 
slowly  coagulating  blood  clot,  but  subsequently  by  imbibition  of 
fluid  they  swell  up  and  may  ultimately  become  converted  into 
shapeless  and  irregular  masses.  The  amount  of  this  material 
present  varies  in  difl"erent  cases,  being  greater  as  the  inflamma- 
tion is  more  chronic.  Owing  to  the  fact  that  it  is  present  on  both 
visceral  and  parietal  layers  of  the  pericardium,  the  movements  of 
the  heart,  so  long  as  the  layers  are  not  separated  by  fluid,  yield  to 
the  ear  and  even  to  the  hand  a  characteristic  'friction  rub.'  A 
friction  rub  is  of  course  most  marked  and  most  readily  called  out 
at  that  portion  of  the  pericardium  where  the  surfaces  from  their 
anatomical  arrangement  can  be  but  little  separated  from  one 
another,  hence  we  find  that  it  is  earliest  heard  and  persists  longest 
about  the  roots  of  the  great  blood-vessels.  Another  region  where 
it  is  frequently  heard  is  at  the  seat  of  the  cardiac  impulse,  for  the 
apex  of  the  heart  with  every  systole  brings  visceral  and  parietal 
layers  of  the  pericardium  into  contact  at  this  point. 

Pericarditis  in  this  stage  is  also  accompanied  by  praecordial 
pain  and  rapid  and  weak  heart  action.  These  probably  depend 
upon  direct  or  indirect  stimulation  of  the  afferent  nerve-fibrils 
which  underlie  the  pericardium.  With  regard  to  the  pain,  afferent 
impulses  probably  travel  directly  up  to  the  higher  parts  of  the 
brain,  but  the  modified  heart  action  probably  depends  on  a  partial 
jemoval  of  the  normal  tonic  inhibitory  action  of  the  vagus,  brought 
about  on  the  one  hand  by  stimulation  of  the  augmentor  nerves  of 
the  heart,  and  on  the  other  hand  by  those  changes  in  the 
myocardium  which  always  accompany  pericarditis. 
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But  the  inflammation  which  leads  to  the  formation  of  the. 
fibrinous  coating  for  the  pericardium  leads,  at  the  same  time  to 
the  exudation  of  fluid  from  the  blood-vessels.    If,  as  is  invariably 
the  case  at  first,  the  rate  at  which  fluid  is  poured  out  exceeds  the 
rate  at  which  it  is  absorbed  and  carried  away  by  the  lymphatics, 
this  fluid  collects  in  the  pericardial  sac,  and  constitutes  '  peri- 
cardial effusion.'    According  to  the  disproportion  between  exuda- 
tion and  absorption,  i.e.  according  to  the  quantity  of  flmd  m  the- 
pericardial  sac,  so  are  the  effects  upon  the  heart.    Normally,  the 
sac  can  hold  a  larger  quantity  of  fluid  than  it  at  any  given  time 
contains,  and  therefore  a  certain  accumulation  of  exuded  fluid  can 
be  accommodated  without  stretching  of  the  membrane.  Instead 
of  the  layers— visceral  and  parietal— being  in  contact,  tliey  are 
now  separated.    Such  an  amount  of  exudation  is  eminently  bene- 
ficial, for  the  inflamed  surfaces  no  longer  grate  on  one  another 
with' the  heart's  movements.    Not  only  does  this  lead  to  a  dis- 
appearance of  the  friction  sounds,  but  also  it  relieves  the  patient 
of  such  symptoms  as  are  due  solely  to  the  irritation  of  an  inflamed 
serous  surface.    Unfortunately,  the  amount  of  exudation  fre- 
quently exceeds  such  beneficial  limits,  and  becoming  pent  up  in 
the  pericardial  sac,  produces  a  series  of  symptoms  which  are 
particularly  distressing  to  the  patient,  and  which  can  easily  be 
shown  to  depend  upon  the  intra-pericardial  pressure. 

If,  in  a  dog,  oil  be  injected  into  the  pericardial  cavity  until  the 
normal  negative  pressure  is  replaced  by  a  positive  pressure,  and 
at  the  same  time  the  blood-pressure  be  registered  in  one  of  the 
branches  of  the  pulmonary  artery,  in  the  carotid,  and  m  the 
external  jugular  vein,  it  will  be  found  that  the  pressures  indicated 
differ  from  the  normal  according  to  the  amount  of  fluid  injected 
into  the  pericardial  sac.    In  the  otherwise  untouched  animal  the 
carotid  pressure  is  about  equal  to  that  of  120  mm.  of  mercury,  the 
pulmonary  pressure  equal  to  about  20  mm.  of  mercury,  and  the 
pressure  in  the  external  jugular  vein  is  zero,  or  at  most  equals  the 
pressure  of  a  column  of  magnesium  sulphate  a  few  milhmetres  in 
height.    If  the  amount  of  oil  that  is  injected  is  small,  such  as,  for 
example,  would  lead  to  a  pressure  of  20  millimetres  of  oil  in  the 
pericardial  sac,  the  pressure  in  systemic  and  pulmonary  arteries- 
is  seen  to  fall  (the  systemic  pressure  falHng  to  the  greater  extent) 
and  the  venous  pressure  is  seen  to  rise.    Moreover,  in  the  external 
jugular  vein,  pulsations  synchronous  with  the  auricular  systole,, 
and  therefore  presystolic  so  far  as  concerns  the  ventricular  systole,, 
make  their  appearance,  though  such  pulsations  were  formerly 
absent,  or  at  all  events  so  little  marked  as  to  be  almost  invisible.  It 
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no  more  fluid  be  injected  into  the  pericardial  sac,  the  new  levels 
of  pressure  become  established  and  circulation  goes  on  regularly  ; 
indeed,  after  a  time,  owing  to  relaxation  of  the  pericardium,  the 
pressure  in  the  sac  diminishes,  and  the  arterial  and  venous  pres- 
sures approximate  more  nearly  to  the  normal.  If,  on  the  contrary, 
more  oil  is  injected,  the  arterial  pressures  become  lower  and  lower 
(the  pulmonary  pressure  being  extinguished  first),  and  the  venous 
pressure  increases,  until  at  last  the  systemic  arterial  pressure  falls 
to  zero.  Under  these  conditions  it  is  obvious  that  no  blood  at  all 
enters  the  aorta,  and  the  circulation  of  blood  is  at  a  standstill. 
That  the  results  we  have  described  are  due  to  the  pericardial 
pressure  and  not  to  any  actual  injury  to  the  heart,  can  easily  be 
shown  by  giving  exit  to  the  oil.  Now,  the  heart  contracts,  the 
systemic  and  pulmonary  arterial  blood-pressures  rise  again  to  the 
normal,  indeed  for  a  time  above  the  normal,  and  the  venous 
pressure  again  sinks  to  zero. 

The  method  whereby  these  modifications  of  the  circulation 
are  produced  is  as  follows.  The  increase  of  pressure  in  the  peri- 
cardial sac  is  an  obstacle  to  the  inflow  of  blood  into  the  heart, 
for  normally  the  inflow  into  the  right  auricle  is  greatly  favoured 
by  the  difference  in  pressure  outside  and  inside  the  thorax,  or, 
more  strictly  speaking,  outside  the  thorax  and  inside  the  great 
veins  at  their  entrance  into  the  heart.  Since  the  right  auricle 
receives  less  blood  than  normal,  it  can  pass  on  less  blood  to  the 
right  ventricle,  the  right  ventricle  in  its  turn  ejecting  less  blood 
into  the  pulmonary  artery ;  the  pulmonary  blood-pressure,  there- 
fore, falls.  For  the  same  reason,  i.e.  because  the  pulmonary 
artery  receives  less  blood  than  normal,  less  blood  reaches  the 
left  auricle,  and  through  it  the  left  ventricle,  by  way  of  the  pul- 
monary veins.  Since  the  left  ventricle  receives  less  blood,  its 
output  into  the  aorta  is  diminished,  and  diminution  of  output 
of  the  left  ventricle,  unaccompanied  as  in  this  case  by  a  corre- 
sponding increase  in  the  peripheral  resistance,  is  of  necessity 
associated  with  fall  of  aortic  blood-pressure. 

The  venous  blood-pressure,  on  the  other  hand,  rises,  because 
with  the  injection  of  oil  into  the  pericardial  sac  a  new  condition 
has  been  introduced  into  the  circulation  which  disturbs  the 
hitherto  existing  equilibrium  between  inflow  into  and  outflow 
from  the  heart.  It  is  evident,  since  the  aortic  blood-pressure  is 
dependent  upon  the  two  factors,  (a)  output  of  the  heart,  and  (h) 
peripheral  resistance  in  the  arteries,  and  since  the  output  of 
the  heart,  ccsteris  parihis,  depends  entirely  upon  the  inflow  into 
the  heart,  that  for  the  maintenance  of  a  constant  mean  level 
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of  aortic  blood-pressure  the  inflow  into  the  heart  and  the  output 
must  be  exactly  equal.  But  the  blood  which  constitutes  the 
'  inflow '  is  nothing  more  than  that  amount  of  blood  which,  as 
the  result  of  their  hyper-distension,  passes  from  the  arteries  into 
the  veins  during  cardiac  diastole.  In  other  words,  for  the  main- 
tenance of  a  constant  aortic  blood-pressure  the  amount  of  blood 
which  passes  from  arteries  to  veins  during  a  given  cardiac  diastole 
must  be  exactly  equal  to  the  amount  of  blood  which  has  been 
thrown  into  the  arteries  during  the  previous  cardiac  systole,  and 
vice  versa. 

Now,  in  the  case  of  the  dog  before  us,  suddenly,  as  the  result 
of  the  injection  of  oil  into  the  pericardial  sac,  the  output  of  the 
heart  is  diminished;  but  since,  at  the  moment  before  this 
occurred,  the  hyper-distension  of  the  arteries  corresponded  to  a 
greater  output,  the  amount  of  blood  which  passed  from  arteries 
to  veins  also  corresponded  to  that  greater  output.  More  blood, 
therefore,  leaves  the  arterial  system  during  any  given  diastole 
than  enters  it  during  the  succeeding  systole ;  an  additional 
amount  of  blood,  therefore,  becomes  stored  up  in  the  veins  with 
each  heart's  diastole  until  equilibrium  is  once  more  established, 
gradually  leading  to  the  rise  in  venous  pressure  which  we  have 
noted. 

It  is  this  rise  of  venous  pressure  which  renders  maintenance 
of  the  circulation  possible  under  the  altered  conditions,  for  it  is 
obvious  that  if  the  pericardial  pressure  were  by  the  injection  of 
oil  raised  to,  say,  25  mm.  of  oil,  while  the  pressure  in  the  external 
jugular  and  other  veins  outside  the  thorax  remained  at  their 
normal  point,  no  blood  would  flow  into  the  right  auricle  at  all, 
and  the  circulation  would  immediately  cease.  As  it  is,  however, 
the  venous  pressure  rises  with  the  intra-pericardial  pressure  and 
always  maintains  a  slight  superiority ;  blood,  therefore,  flows 
into  the  right  auricle,  and  though  the  pressures  in  arteries  and 
veins  are  altered,  the  circulation  goes  on.  But  the  pressure 
which  can  be  attained  in  the  venous  system  has  a  limit  which 
varies  with  many  factors,  but  which  is  in  the  majority  of  dogs 
equal  to  that  of  about  280  or  300  millimetres  of  magnesium 
sulphate.  So  long  as  the  intra-pericardial  pressure  is  below 
this,  the  circulation  continues,  however  poorly;  but  once  the 
intra-pericardial  pressure  reaches  this  point,  all  possibility  of 
inflow  from  veins  to  auricle  ceases,  and  circulation  comes  to  a 
standstill  with  the  whole  of  the  blood  of  the  body  collected  in 
the  veins.  The  heart,  however,  for  a  minute  or  thereabouts 
continues  to  contract,  and  if  during  this  time  the  intra-pericardial 
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pressure  be  reduced,  circulation  re-establishes  itself,  as  has  already 
been  said. 

Now  in  cases  in  which  a  considerable  pericardial  effusion  has 
taken  place,  whatever  be  its  cause,  the  symptoms  that  are  pro- 
duced are  essentially  the  same  as  those  which  have  been  seen  to 
occur  after  the  intra-pericardial  pressure  in  the  dog  has  been 
increased  by  injection  of  oil  into  the  pericardial  sac.  The 
patient's  pulse  is  small  and  weak,  and  the  veins  in  the  neck  are 
engorged  and  pulsate.  But  in  addition  to  these  symptoms  others 
are  present  which  cannot  be  so  well  discovered  in  the  dog,  but 
the  dependence  of  which  on  the  pericardial  condition  is  no  less 
clear.  The  area  of  cardiac  dullness  is  increased,  for  the  dis- 
tended pericardium  pushes  away  the  lungs  on  both  sides  ;  more- 
over, the  outlines  of  the  dullness,  though  widened  by  yielding  of 
the  pericardium  imder  the  pressure,  correspond  closely  to  the 
normal  pear-shaped  outline  of  that  membrane.  The  patient  is 
livid  or  'cyanosed,'  and  the  cyanosis  depends  upon  non-aeration 
of  the  blood.  This  has  a  twofold  origin :  first,  the  amount  of 
blood  which  passes  through  the  lungs  at  each  heart's  beat  is 
greatly  diminished ;  and  secondly,  the  period  during  which  the 
blood  remains  in  the  systemic  capillaries  is  increased  as  the 
result  of  the  closer  approximation  of  arterial  and  venous 
pressures,  and  therefore  a  greater  length  of  time  is  afforded  for 
the  removal  of  oxygen  from  any  particular  portion  of  blood  by 
the  tissues.^  Lastly,  the  identity  of  the  effects  of  increase  of 
pericardial  pressure  under  the  two  conditions,  pathological  and 
experimental,  is  conclusively  proved  when  it  is  added  that  in  the 
patient,  as  in  the  dog,  all  pressure-symptoms  disappear  when  exit 
is  given  to  the  pericardial  fluid. 

The  amount  of  fluid  that  is  necessary  to  bring  about  such  a 
condition  as  we  have  been  considering  is  by  no  means  constant, 
for  if  the  increase  of  intra-pericardial  pressure  be  brought  about 
gradually,  the  pericardium  yields  to  a  considerable  extent,  and  a 
larger  collection  of  fluid  is  necessary  to  produce  the  same  severity 
of  symptoms  as  would  be  produced  by  a  smaller  quantity  of 
fluid  if  the  filling  of.  the  pericardium  occurred  rapidly.  This  is 
very  well  seen  by  comparing  the  results  of  rupture  of  an  intra- 
pericardial  aneurysm,  or  rupture  of  the  heart-wall,  with  the 
results  of  an  effusion  occurring  in  such  a  condition  as  chronic 
valvular  disease.  In  the  latter  case,  the  amount  of  fluid  may 
reach  to  as  much  as  two  pints,  and  yet  the  patient  may  not  be 

'  Orthopnoea,  another  symptom  which  shows  itself,  will  be  considered  along  with 
the  Pathology  of  Bespiration. 
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conscious  of  very  severe  distress,  for  tte  — °'  f^-J 
has  been  going  on  for  days ;  but  with  rupture  of  the  heart  or 
wUh  bursLg'of  an  intra-pericard.al  -eurys^  though  the 
amount  o£  blood  poured  out  may  not  exceed  150-200  ex.  jet 
Zth  occm-s  within  a  few  minutes.  Moreover,  it  is  not  by 
rein  o  ts  property  of  coagulation  that  the  blood  m  these 
LtTer  cases  Js.  for  fatal  results  occur  in  the  same  way  when 
a  Le  hydatid  cyst  of  the  liver  ruptures  and  discharges  its 
nol  coaguLting  fluid  into  the  pericardial  sac.  In  those  rai^ 
cases  in  which  the  fluid  in  the  pericardium  becomes  purulent 
the  symptoms,  though  aggravated  by  cardiac  changes  induced 
ly  absorption  of  toxic  substances  from  the  pus,  are  otherwise 

Buf  a  pericardial  effusion  does  not  invariably  end  fatally  or 
call  for  surgical  reUef  (paracentesis) ;  in  the  majority  of  cases  ot 
call  tor  sui„i  .  ^^^j^j   ;    by  no  means  uncommon  where 

;  ;«laT— tn  is  presL,  the  eftasion,  after  causmg 
some  dttress,  becomes  absorbed  by  the  lymphatics.  This  occurs 
at  a  va  ving  ime  after  the  original  onset  of  the  pericarditis  and 
Teads  to  ™o  chief  results.  In  the  first  place,  with  the  removal  of 
r  fl,  ?d  the  area  of  prtecardial  dullness  dimimshes,  and  the  two 

Z:;^^::^"---^  —  into  hbrous 

*'TdheFent  Pericardium.-The  organisation  of  the  fibrin  leads 
to  dffle'^nt  results  m  different  cases ;  in  rare  instances,  a 
11-  rrpd  and  fibrous  pericardium  results,  but  the  visceral  and 

»StTwrs"nclose  a  space;  more  frequently,  adhesion 
frerp  aceTetw  en  portions  ot  the  visceral  and  parietal  layers 
aM  fib  ous  cords  or  bands  connect  them,  or  even  he  appearance 
ofa  loculated  sac  maybe  presented;  while,  most  commonly  o 
all  t"  layers  of  the  pericardium  become  closely  adherent 
tLthorthir  whole  extent,  so  that  the  former  cavity  of  the 
Sd°um  is  completely  obliterated.  Whether  the  inflamma- 
tion eve  entirely  resolves  so  that  the  two  pericardial  layers  return 

0  theh  ori^inal  condition,  it  is  difficult  to  say,  but  there  is  some 
reason  to  believe  that  such  a  termination  occasionally  takes  place^ 
PossMy  the  'milk  spots'  which  are  so  often  seen  on  tt.e 
TenWlar  wall  are  in  some  cases  the  sole  remnants  of  an  ante- 

'^'Sctproduced  hy  these  different  terminations  of  peri- 
carditis dSr  in  degree,  but  they  all,  except  the  last,  coincide  m 
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the  fact  that  thej'  throw  extra  work  upon  the  heart,  which  now 
has  to  contract  against  an  additional  resistance  besides  the 
normal  resistance  in  the  arteries.  We  shall  see  later  that  if 
increased  work  is  demanded  from  any  muscle,  it  hypertrophies  or 
relaxes  according  as  it  can  or  cannot  overcome  the  obstacle. 
The  heart  is  no  exception  to  this  rule ;  an  adherent  or  partially 
adherent  pericardium  causes  hypertrophy  of  the  ventricular  walls 
if  the  increase  of  fibrous  tissue  is  slight,  but  atrophy  if  it  is 
excessive. 

But  an  adherent  pericardium  leads  to  other  secondary  results . 
Owmg  to  •  the  artificial  rigidity  which  is  thereby  given  to  the 
walls  of  the  heart,  they  are  unable  to  contract  in  a  normal 
manner,  and  one  of  the  most  important  effects  of. the  condition  is 
that  the  normal  closure  of  the  different  valves  of  the  heart  is 
interfered  with  to  a  greater  or  less  extent,  and  circulatory 
disturbances  are  set  up.  Since  these  disturbances  are  essentially 
similar  to  those  which  result  from  endocarditis,  they  need  not 
further  be  noticed  here,  but  they  must  be  borne  well  in  mind.  If, 
as  IS  sometimes  the  case,  lime  salts  are  deposited  in  the  newly 
formed  fibrous  tissue  of  the  adherent  pericardium,  the  obstacle  to 
the  circulation  is  still  further  increased. 

II.  The  Patholog-y  of  Endocarditis,  direct  and  indirect.— The 
causes  which  lead  to  pericarditis  even  more  commonly  induce 
endocarditis;  this  condition  may  therefore  occur  in  association 
with  pericarditis  or  may  be  independent  of  it.  In  true  endo- 
carditis that  portion  of  the  membrane  which  covers  the  valves  is 
invariably  affected  first  and  generally  also  to  the  greatest  extent. 
Hence  valvular  disease  and  endocarditis  come  to  be  almost  inter- 
changeable terms.  Nevertheless,  there  is  one  variety  of  valvular 
disease,  viz.  that  closely  associated  with  atheroma,  in  which  the 
term  'endocarditis'  is  doubtfully  applicable,  owing  to  our  uncer- 
tainty whether  atheroma  is  to  be  regarded  as  an  inflammatory 
change.  The  non-valvular  endocardium  does  not  concern  us  here. 
When  valvular  disease  is  acute  it  is  always  clearly  secondary  to 
some  other  disease,  or  at  all  events  is  associated  with  pathological 
lesions  in  other  parts;  but  the  atheromatous  variety  is,  hi  a 
sense,  primary. 

The  valves  of  the  heart  are  not  equally  liable  to  disease,  for 
though  diseases  of  the  aortic  and  mitral  valves  are  common, 
diseases  of  the  pulmonary  and  tricuspid  valves  are  rare,  and  in 
most  cases  congenital.  It  must  not  be  supposed,  however,  that 
the  right  side  of  the  heart  does  not  suffer  when  the  valves  on 
the  left  side  are  affected,  for  such  is  not  the  case  ;  on  the  contrary, 
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the  troubles  of  which  the  patient  with  aortic  or  mitral  diseajse 
complains  are  very  largely  due  to  failure  not  of  the  left  but  of  the 

right  heart.  , 

When  in  the  course  of  some  acute  disease  such  as  acute 
rheumatism,  any  of  the  valves  of  the  heart  are  affected,  they  are 
seen  if  examined  sufficiently  early,  to  present  on  their  auricula! 
surfaces  i  e  those  which  are  directed  towards  the  main  current 
of  the  blood-stream,  a  number  of  small,  greyish,  semi-translucent 
elevations,  each  of  which  is  about  the  size  of  a  pm's  hea^.  These 
elevations  or  '  granulations  '  are  situated  at  a  short  distance  from 
the  free  edges  of  the  flaps  of  the  valve,  and  form  Imes  which,  on- 
brinaing  the  flaps  into  the  normal  systolic  position,  are  seen  to 
coincide  with  the  hnes  of  junction  of  the  flaps  during  ventricular 
systole    If  a  granulation  be  examined  at  this  early  stage  it  is 
found  to  be  composed  of  a  mass  of  proHferated  endothehal  cells, 
but  it  does  not  remain  such  for  long;  degenerative  processes  set 
in   some  of  the  endothelial  cells  are  cast  off,  and  a  roughened 
surface  is  presented  to  the  blood-stream,  upon  which,  m  the^ 
natural  order  of  events,  fibrin  is  deposited.  Hence  the  granulations 
of  early  endocarditis,  as  seen  in  the  post-mortem  theatre,  usually 
consist  of  small  masses  of  endothelial  calls  capped  with  fibrin. 

The  fact  that  the  lines  of  granulations  on  the  cusps  of  the 
valve  are  opposite  to  one  another,  and  are  directly  in  contact 
during  ventricular  systole,  suggests  that  direct  infection  of  one  cusp 
by  another  plays  a  fundamental  part  in  their  formation,  while  then- 
relation  to  the  blood-stream  suggests  that  their  causa  causons 
is  circulating  with  the  blood.    In  support  of  this  view,  we  often  . 
though  not  invariably,  find  that,  immediately  beneath  the  cap  of 
fibrin  and  in  its  deepest  layers,  masses  of  micro-organisms, 
generally  micrococci,  are  to  be  demonstrated  by  appropriate  stanv 
ing.    Yery  commonly  bacteria  of  various  kinds  are  recognisable 
in^'the  very  outermost  layers  of  the  fibrin  or  are  entirely  super- 
ficial.   These  have  not  the  same  relation  to  the  aetiology  of  the 
granulations  as  those  which  have  already  been  mentioned,  but 
are  probably  '  accidental '  and  the  result  of  a  blood  infection  by 
intestinal  or  other  bacteria  shortly  before  death  or  possibly  after^ 
death.     The  complete  formation— proliferated  endothehal  ^  cells, . 
micro-organisms,  fibrin— is  frequently  termed  a  '  vegetation." 

The  mode  in  which  granulations  are  formed  may  be  looked  at 
in  two  ways  :  either  (a)  cocci  circulating  in  the  blood  attach  them- 
selves at  some  one  point  of  the  valve  and  there  grow,  infecting 
the  rest  of  the  cusp  and  adjacent  cusps  directly  by  continuity  or 
approximation  of  tissue;  or  (b)  the  blood  is  modified  by  the 
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presence  in  it  of  some  soluble  deleterious  substance  (microbial 
toxin  ?)  or  in  some  other  way,  and  the  modified  blood  acts  as  an 
aseptic  irritant  to  the  endocardium,  particularly  at  those  points 
which  are  most  exposed  to  the  effects  of  pressure  or  to  slight 
injury,  viz.  the  lines  of  contact  of  the  flaps.  In  the  latter  case  the 
micro-organisms  which  are  so  frequently  present  must  be  regarded 
as  secondary,  and  as  having  been  deposited  from  the  blood  in  a 
region  of  diminished  resistance.  At  the  present  time  a  combina- 
tion of  these  two  views  is  that  most  commonly  held.  Owing  to 
the  generally  received  opinion  that  micro-organisms  do  not  effect 
an  entrance  through  an  absolutely  uninjured  epithelium  or  endo- 
thelium, an  initial  lesion  is  necessary.  This  is  probably  caused  by 
the  toxin  elaborated  by  the  micrococci ;  subsequently  the  micro- 
cocci themselves  which  are  circulating  in  the  blood  become  lodged 
at  these  seats  of  diminished  resistance,  multiply,  and  intensify  the 
evil.    In  this  way  they  are  primary  rather  than  secondary  agents. 

That  the  explanation  given  in  the  preceding  paragraph  is  pro- 
bably the  right  one  is  shown  by  two  considerations.  Firstly,  it  is 
excessively  rare  for  experimental  intravenous  injections  of  bacteria 
in  animals  to  be  followed  by  valvular  lesions  of  the  heart,  although 
Poynton  and  Paine  observed  valvular  disease  in  rabbits  after 
inoculation  with  their  diplococcus  of  rheumatism.  Secondly, 
Meyer  found  that  he  invariably  produced  an  ulcerative  or  verru- 
cose  endocarditis  if  after  injuring  a  valve  he  inoculated  the  animal 
with  either  Wassermann's  streptococcus  of  rheumatism  or  diph- 
theria bacilli. 

The  Varieties  of  Endocarditis.— Two  varieties  of  acute 
endocarditis  are  recognised  by  physicians  :  (a)  simple,  and  (&) 
ulcerative  (also  known  as  malignant  or  infective);  Though  these 
two  varieties  differ  in  their  clinical  aspects  to  such  a  degree  that 
their  separation  in  the  wards  is  necessary,  yet  pathologically  it 
must  clearly  be  recognised  that  the  two  varieties  are  but  more  or 
less  marked  examples  of  the  same  process.  It  is  true  that  in 
ulcerative  or  infective  endocarditis  micro-organisms  are  almost 
■invariably  found  in  the  vegetations  on  the  cardiac  valves,  but,,  as 
we  have  seen,  they  are  not  uncommonly  present  in  the  early 
granulation  stage  of  what  would  be  termed  simple  valvulitis. 
Nor  can  any  certain  difference  be  estabHshed  between  the  kind  of 
micro-organism  found  in  the  two  varieties. 

It  is  somewhat  difficult  to  state  what  micro-organism  is  most' 
commonly  the  cause  of  endocarditis  owing  to  the  fact  that  culti-  ■ 
vations  in  so-called  simple  cases  are  frequently  without  result.  ■ 
Most  observations  have  been  made  with  the  ulcerative  variety.  : 
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Speaking  generally,  streptococci  are  found  most  commonly,  but 
pneumococci,  gonococci,  and  staphylococci  have  also  been  obtamed.. 
With  regard  to  gonococci  it  must  be  remembered  that  their  cul- 
tivation is  very  difficult ;  although  the  number  of  cases  of  endo- 
carditis in  which  they  have  thus  been  obtained  is  very  sma  1  5),. 
they  have  been  recognised  without  culture  in  many,  and  probably 
constitute  a  relatively  common  cause  of  the  ulcerative  variety  ^of 
endocarditis.  As  rare  causes  the  bacilli  of  typhoid,  of  mfluenza,. 
and  of  tubercle  have  been  found. 

Apart  from  the  fact  that  ulcerative  endocarditis  is  generally 
superposed  upon  a  pre-existing  simple  endocarditis,  the  main 
difference  between  the  varieties  appears  to  lie  m  the  degree  of 
virulence  of  the  micro-organisms  present.   In  simple  endocarditis 
they  act  as  irritants  and  lead  to  an  inflammation  which  ends  m 
repair  •  in  ulcerative  endocarditis  they  act  as  irritants  and  lead  to 
an  inflammation  which  ends  m  necrosis.     This  difference  m. 
virulence  of  the  micro-organisms  shows  itself  throughout  the 
whole  clinical  histories  of  the  two  conditions.    The  ulcerative 
form  with  its  hectic,  rigors,  sweats,  is  severe  primarily  because  a 
large  amount  of  the  toxins  which  cause  those  systems  is  produced  ; 
the  simple  variety  is  less  severe  because  such  toxins  are  not  pro- 
duced or  are  produced  only  in  quantities  that  can  be  dealt  with 
by  the  body  without  great  distress.    In  both  varieties  portions  of 
the  fibrinous  vegetations  may  be  broken  off  and  carried  m  the 
blood-stream  to  distant  parts  as  '  emboli ; '  but  whereas  m  simple 
endocarditis  the  emboH  are  aseptic  or  contain  only  attenuated 
micro-organisms,  in  ulcerative  endocarditis  the  emboli  are  septic 
and  the  micro-organisms  they  carry  produce  at  the  seat  of  their 
arrest  changes  identical  with  those  which  are  occurring  m  the 
valves,  i.e.  ulceration,  necrosis,  and  pus-formation.    Further,  the 
effects  of  the  two  varieties  of  endocarditis  upon  the  heart  as  the 
central  factor  in  the  circulation  are  identical  in  kind  though  they 
differ  in  degree,  for  though  the  amount  of  destruction  of  valve 
substance  and  the  amount  of  fibrin  deposit  are  so  much  greater 
in  the  case  of  ulcerative  endocarditis  as  to  be  almost  patho- 
gnomonic, yet  destruction  of  valve  substance  and  deposit  of  fibrin 
also  occur  in  simple  endocarditis.    Lastly,  with  regard  to  the 
heart  muscle  itself,  it  is  true,  though  perhaps  not  so  evident^  at 
first  sight,  that  the  two  varieties  of  endocarditis  differ  not  in  kind 
but  only  in  degree.    Both  forms  cause  modification  of  the  myo- 
cardium ;  but  whereas  the  simple  variety  causes,  first,  impairment 
of  function,  and  later  an  improvement  from  that  impaired  con- 
dition, the  ulcerative  variety,  mainly  from  the  effects  of  toxic 
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action,  causes  impairment  of  function  throughout,  so  that  to  a 
•greater  degree  of  impairment  of  valve  is  added  a  greater 
degree  of  impairment  of  muscular  power  of  the  heart,  and  that 
too  at  a  time  when  extra  demands  are  being  made  upon  it.  It  is 
seen,  therefore,  that,  pathologically,  simple  and  ulcerative  endo- 
carditis differ  only  in  degree,  and  that  such  differences  as  cha- 
racterise the  two  clinical  varieties  depend  solely  upon  the  virulence 
of  the  micro-organisms  present,  or,  in  other  words,  upon  the 
amount  of  toxin  which  those  micro-organisms  produce. 

In  the  preceding  paragraphs  it  is  clear  that  the  subject  has 
been  dealt  with  from  the  anatomical  rather  than  from  the 
■etiological  side.  Litten  has  objected  to  the  general  method  of 
subdividing  endocarditis,  and  proposes  to  recognise  (1)  a  benign 
variety  with  tendency  to  repair  and  quiescence  which  may  be 
initiated  by  the  cause  of  acute  rheumatism  or  the  gonococcus,  or 
■by  typhoid,  influenza,  or  tubercle  bacilli,  or  by  the  virus  of  scarlet 
fever,  measles,  or  variola  ;  (2)  a  malignant  purulent  variety  which 
•occurs  in  pyaemia  (though  it  is  not  one  of  the  most  prominent 
-symptoms),  and  depends  upon  staphylococci,  streptococci,  or 
pneumococci ;  and  (3)  a  malignant  non-purulent  variety  which 
occurs  in  acute  rheumatism,  is  never  caused  ^y  the  gonococcus, 
but  may  be  associated  with  streptococci,  staphylococci,  or  pneumo- 
cocci. However,  in  this  variety  the  cause  is  rarely  found,  and 
it  is  very  doubtful  whether  the  second  and  third  varieties  of 
Litten  are  as  sharply  defined  as  he  would  have  us  believe. 

Besides  the  acute  varieties  of  endocarditis,  the  valves  of  the 
heart  are  prone  to  undergo  changes  which  lead  to  thickening  and 
'puckering  of  their  free  edges,  adhesion  of  adjacent  parts  of 
separate  flaps,  &c.  These  changes  are  essentially  chronic  and  of 
a  fibrotic  type ;  if  advanced,  the  cusps  of  the  valve  may  become 
irregular  in  outline,  and  almost  cartilaginous  in  hardness.  In 
many  cases  lime  salts  are  deposited  in  the  modified  tissue,  and 
thus  motility  of  the  valves  may  be  completely  abolished.  Changes 
such  as  these  are  particularly  liable  to  produce  '  stenosis  '  or 
narrowing  of  the  valvular  orifice ;  as  examples  may  be  given 
rjiitral  stenosis  leading  to  a  so-called  '  button-hole  mitral  orifice,' 
and  aortic  stenosis  in  which  the  entrance  to  the  aorta  maj^  be  a 
mere  irregular  chink  with  completely  immovable  edges.  In  some 
cases,  no  doubt,  these  chronic  changes  are  of  inflammatory 
nature,  and  are  due  to  repair  of  valves  that  have  at  a  previous 
time  been  the  seat  of  acute  simple  endocarditis.  But  in  others, 
■diseases  leading  to  acute  valvulitis  {e.q.  acute  rheumatism)  have 
not  been  antecedent,  and  there  is  reason  to  believe  that  they  are 
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not  inflammatory  at  all  in  the  usual  acceptance  of  the  term.  In 
the  case  of  aortic  disease  of  the  chronic  type,  at  all  events,  syphilis 
and  old  age  seem  to  be  important  predisposing  causes,  and  the 
change  in  the  valves  bears  a  much  closer  resemblance  to  atheroma 
or  to  simple  fibrosis  than  to  inflammation. 

We  have  briefly  considered  above  the  direct  effects  of  endo- 
carditis so  far  as  they  concern  the  heart-valves  themselves ;  the 
effects  of  these  valve  lesions  (and  we  may  add  to  them  valve 
lesions  produced  by  injury,  such  as  rupture  of  the  flaps  or  of  the 
chordge  tendineae)  upon  the  heart  itself  and  upon  the  body  at 
large  must  now  be  examined. 

In  the  first  place,  it  is  evident  that  a  valve  lesion  may  act 
primarily  in  either  of  two  ways  :  it  may  (a)  impede  the  flow 
of  blood  through  an  orifice  by  leading  to  narrowing  or  stenosis  of 
that  orifice,  and  this  obstruction  to  the  flow  of  blood  will  act 
during  the  systole  of  the  cavity  behind  ^  the  stenosed  orifice ;  qr 
(h)  it  may,  by  interference  with  the  closure  of  the  valves,  allow 
of  reflux  through  an  orifice  during  systole  of  a  ventricle  if  that 
orifice  be  either  mitral  or  tricuspid,  or  during  diastole  of  a 
ventricle  if  that  orifice  be  either  at  the  aortic  or  the  pulmonary 
semilunar  valves.  Valvular  disease  may  therefore  be  either 
'obstructive 'or  'regurgitant,'  a  valve  may  be  either  'stenosed' 
or  'incompetent.'  As  a  rule,  when  obstruction  is  present,  it  is 
accompanied  by  a  greater  or  less  degree  of  regurgitation,  but  the 
converse  is  not  true,  for  uncomplicated  regurgitation  is  frequently 
seen. 

Obstruction  or  regurgitation  may  occur  at  any  of  the  valvular 
orifices  of  the  heart,  but  relatively  uncomplicated  obstruction  on 
the  left  side  of  the  heart  is  commonest  at  the  mitral  orifice,  while 
on  the  right  side  a  variable  but  usually  small  degree  of  obstruc- 
tion at  the  pulmonary  orifice  is  the  commonest  form  of  all  the 
varieties  of  congenital  heart  disease.  Beyond  this  broad  state- 
ment little  can  be  said  owing  to  the  fact  that  other  valves 
besides  the  one  primarily  affected,  of  necessity  become  second- 
arily involved,  if  the  patient  lives  for  a  sufficient  length  of  time. 
It  may,  however,  be  added  that  aortic  disease  is  commoner  in 
men  than  in  women,  and  that  lesions  of  the  mitral  valve 
(especially  mitral  stenosis)  are  commoner  in  women  than  in  men. 

With  regard  to  their  gravity  there  is  a  general  consensus  of 
opinion  that  obstruction  is  less  grave  than  regurgitation,  and 
that  mitral  regurgitation  is  less  grave  than  aortic  regurgitation. 
Valve  lesions  of  the  left  heart  may  therefore  be  arranged  in  the 

'  I.e.  with  reference  to  the  direction  of  the  normal  blood  flow. 


AOETIC  MUEMUES 


■71 


foliowing  order  of  severity,  beginning  with  the  least  severe: 
1;  aortic  stenosis;  2,  mitral  stenosis;  3,  mitral  incompetence; 
4,  aortic  incompetence.  On  the  right  side  of  the  heart  a  moderate 
degree  of  stenosis  of  the  pulmonary  orifice  is  of  but  httle  import ; 
tricuspid  regurgitation,  on  the  other  hand,  especially  as  it  is 
practically  always  secondary  to  a  valvular  lesion  on  the  left  side, 
constitutes  one  of  the  most  severe  forms  of  disease  to  which  the 
heart  is  liable.  Tricuspid  stenosis  and  pulmonary  regurgitation 
are  so  rare  as  to  be  almost  unlmown. 

The  effects  of  valve  lesions  show  themselves  upon  (A)  the 
sounds  of  the  heart,  (B)  the  size  of  the  cavities  of  the  heart,  (C) 
the  thickness  of  the  muscular  walls  of  the  heart,  (D)  other  organs 
and  tissues  of  the  body.  Each  of  these  must  be  considered 
somewhat  in  detail. 

A.  The  Effects  of  Valve  Lesions  upon  the  Sounds  of  the 
Heart. — Though  it  cannot  be  said  to  be  a  matter  beyond  doubt, 
it  is  probable  that  the  first  sound  of  the  heart  is  largely  of 
valvular  origin  ;  in  the  case  of  the  second  sound  an  entirely 
valvular  origin  is  certain.  It  is  therefore  only  reasonable  to 
expect  that  any  modification  of  the  valves  should  lead  to 
corresponding  changes  in  either  the  first  or  the  second  heart 
sound. 

Aortic  Valves. — If  there  be  obstruction  at  the  aortic  orifice, 
some  modification  of  sound  will  be  produced  during  that  period 
of  the  cardiac  cycle  in  which  the  blood  is  passing  the  obstruc- 
tion, i.e.  during  ventricular  systole.  We  shall  therefore  find 
that  the  first  sound  of  the  heart  as  heard  at  the  base  is  replaced 
by  a  more  or  less  rough  or  harsh  ■  sound  ^  which  is  best  heard  in 
the  second  costal  interspace  on  the  right  side,  as  being  that  point 
where  the  aorta  comes  most  closely  in  relation  with  the  chest 
wall,  but  which  may  also  be  heard  over  the  carotid  arteries,  or 
even  over  the  femoral  arteries,  at  points  where  these  vessels  are 
superficial.  If  there  be  regurgitation  at  the  aortic  orifice,  the 
modification  of  heart  sound  will  take  place  during  ventricular 
diastole ;  the  normal  sharp  and  clear  second  sound  will  be 
abolished  or  modified,  and  a  murmur  will  be  heard  during  a 
longer  or  shorter  portion  of  the  diastole.  This  murmur  may  be 
loudest  either  at  the  base  of  the  heart,  or,  owing  to  the  superior 
conducting  power  of  the  sternum,  along  that  bone,  but  in  most 
cases  it  is  heard  best  at  the  ensiform  cartilage.     The  exact 

'  In  cases  where  there  is  extreme  aortic  stenosis  due  to  calcification  of  the  aortic 
semihinar  valves  the  murmur  may  have  a  cooing  or  a  musical  character,  but  it  is  not 
proposed  to  discuss  the  varieties  of  abnormal  heart  sounds  at  length. 
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explanation  of  the  fact  that  an  aortic  regurgitant  murmur  is 
frequently  best  heard  at  the  ensiform  cartilage  is  not  quite  clear, 
but  it  probably  depends  upon  the  fact  that  the  sound  formed  at 
the  aortic  orifice  is  conducted  by  the  septum  and  by  the  regurgi- 
tant column  of  blood  towards  the  apex,  but  in  the  main  is 
transferred  by  the  right  ventricle  and  the  blood  which  it  contains 
to  the  sternum  at  the  lower  end.  On  first  thoughts,  one might 
suppose  that  the  sound,  if  conducted  by  the  septum  and  the 
regurgitant  column  of  blood  towards  the  apex,  should  be  heard 
best  at  the  seat  of  cardiac  impulse,  since  that  is  the  point  where 
the  septum  and  the  regurgitant  column  of  blood  come  most  closely 
in  contact  with  the  chest  wall  ;  but  it  must  be  remembered  that 
the  apex  of  the  heart  only  comes  into  contact  with  the  chest  wall 
during  ventricular  systole,  i.e.  during  that  especial  portion  of  the 
cardiac  cycle  when  the  aortic  diastolic  murmur  ceases.  Never- 
theless, in  a  few  cases,  aortic  regurgitant  murmurs  are  best  heard 
at  the  seat  of  cardiac  impulse. 

Mitral  Valve. — If  the  mitral  valve  allow  of  regurgitation,  the 
normal  first  sound  of  the  heart  is  in  whole  or  in  part  replaced  by 
a  systolic  murmur.    This  systolic  murmur  is  best  heard  at  the 
apex,  may  be  traced  round  into  the  left  axillary  region,  and  occa- 
sionally may  be  heard  at  the  angle  of  the  left  scapula.    It  is  best 
heard  at  the  apex,  because  ventricular  systole,  during  which  the 
sound  is  being  produced,  brings  the  apex  of  the  heart  into  contact 
with  the  chest  wall,  and  therefore  at  the  seat  of  cardiac  impulse 
one's  ear  is  in  the  most  intimate  relation  with  the  seat  of  produc- 
tion of  the  sound.    It  is  conducted  into  the  axillary  region  by 
continuity  of  tissue,  for  during  the  period  of  formation  of  the 
murmur  the  heart's  apex  is  in  contact  with  the  chest  wall,  and  a 
portion  of  the  vibrations  which  cause  the  murmur  is  conducted 
still  in  the  same  direction  (a  line  joining  auriculo-ventricular 
orifice  and  apex  produced  in  the  latter  direction)  by  the  thoracic 
v/all.    It  is  heard  at  the  angle  of  the  scapula,  because  a  portion 
of  the  sound  formed  at  the  mitral  orifice  is  conducted  directly 
backwards  by  the  solid  tissues  (descending  aorta,  root  of  lung, 
&c.),  which  lie  between  the  seat  of  production  of  the  sound  and 
the  chest  wall  in  this  direction.    If  mitral  stenosis  be  present,  a 
murmur  is  formed  in  the  neighbourhood  of  the  mitral  orifice  and 
is  conducted  to  the  apex,  where  it  is  well  heard  and  usually 
strictly  localised.  As  to  the  time  at  which  this  murmur  is  audible 
with  reference  to  ventricular  systole,  there  is  some  difference 
of  opinion ;  most  authors  regard  it  as  being  formed  during  auri- 
cular systole  and  as  due  to  obstruction  of  the  flow  of  blood  from 
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left  auricle  to  left  ventricle— they  therefore  speak  of  it  as 
*  pre-systolic  ; '  other  authors  (Charlewood  Turner,  Dickinson,  and 
others)  maintain  that  it  is  audible  at  the  moment  of  cardiac 
impulse,  that  it  is  therefore  in  reality  systolic,  and  is  formed  by 
regurgitation  through  a  contracted  mitral  valve.  The  point  is 
one  which  it  is  very  difficult  to  decide,  even  with  most  careful 
auscultation  ;  the  fact,  however,  that  the  murmur  in  question  is 
best  heard  at  the  region  of  cardiac  impulse  seems  to  suggest  that 
it  is  formed  during  the  period  of  the  cardiac  cycle,  when  the  apex 
of  the  heart  is  in  contact  with  the  chest  wall,  i.e.  during  ventri- 
cular systole.  But  why,  if  that  be  the  case,  the  murmur  should 
have  its  strict  localisation  and  should  present  so  marked  a  contrast 
to  the  ordinary  mitral  systolic  murmur,  it  is  difficult  to  say.  This 
is  of  the  less  importance,  since  it  is  agreed  on  all  hands  that  the 
murmur  in  question,  whether  it  is  to  be  regarded  as  systolic  or 
as  presystolic,  is  always  associated  with  stenosis  of  the  mitral 
valve. 

Pulmonary  and  Tricuspid  Valves. — On  the  right  side  of  the 
heart,  if  obstruction  be  present  at  the  orifice  of  the  pulmonary 
artery,  the  normal  sound  formed  at  this  point  is  replaced  by  a 
more  or  less  harsh  murmur  heard  in  the  second  left  costal  inter- 
space, which  is  the  point  where  the  pulmonary  artery,  or  rather 
its  left  branch,  is  in  closest  relation  with  the  chest  wall.  Lesions 
•of  the  tricuspid  valve  rarely  produce  any  specific  murmurs,  partly 
by  reason  of  the  absence  of  good  conducting  material,  and  partly 
by  reason  of  the  small  force  with  which  the  right  ventricle  con- 
tracts. Occasionally,  in  tricuspid  regurgitation,  a  systolic  murmur 
formed  in  the  neighbourhood  of  the  tricuspid  valve  may  be  heard 
in  the  fifth  right  costal  interspace  three  and  a  half  inches  to  the 
right  of  the  sternal  border.^ 

Physics  of  Mvrm'iir -Formation. — As  to  the  mechanism  of 
murmur-formation  it  was  long  held  with  Laennec  that  murmurs 
are  formed  by  the  passage  of  blood  over  a  roughened  surface,  but 
the  facts  that  cardiac  murmurs  may  be  heard  with  great  distinct- 
ness when  the  autopsy  reveals  perfectly  healthy  valves,  and  that  in 
anaemia  intensely  loud  murmurs  may  be  heard  in  the  veins  of  the 
neck  when  those  veins  are  in  no  wav  diseased,  are  alone  sufficient 

'  It  is  cui'ious  to  note  how  greatly  opinions  differ  as  to  the  relative  frequency  with 
■which  tricuspid  niui'murs  are  audible.  The  view  set  forth  in  the  text  is  that  which 
mostly  obtains  in  London.  Many  authorities,  however,  of  the  highest  importance 
maintain  that  a  systolic  murmur  of  tricuspid  regurgitation  is  of  common  occurrence. 
Since  tricuspid  regurgitation  is  very  often  a  sequel  to  mitral  regurgitation,  those  who 
adhere  to  the  view  given  in  the  text  maintain  that  a  murmur  audible  on  the  right  side 
of  the  chest  in  such  cases  is  almost  always  a  conducted  mitral  systolic  murmur. 
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to  negative  this  view.  But,  in  addition,  though  the  cavity  of  an 
I  aneurysm  is  markedly  rough,  the  production  of  a  murmur  over 
.an  aneurysm  is  by  no  means  invariable. 

:  i  ;^At  the  present  time,  it  is  generally  held  that  murmurs  are 
formed  by  the  passage  of  fluid  from  a  narrov^er  into  a  wider  cavity. 
If  -  a  bulb  be  blown  on  a  piece  of  ordinary  glass  tubing  which  is 
provided  with  a  T-piece,  and  water  be  allowed  to  flow  from  a 
res'ei^voir  through  the  bulb  (the  T-piece  being  situate  between 
bulb  and  reservoir),  nothing  remarkable  will  be  observed ;  but  if, 
at' .the  same  time,  through  the  leg  of  the  T-piece  a  small  constant 
stream  of  coloured  fluid  be  allowed  to  flow,  it  will  be  noticed  that 
though  the  coloured  stream  remains  distinct  from  the  water  for 
sonie  little  distance  after  entering  the  bulb,  yet  it  forms  eddies  in 
the  'bulb  itself  before  becoming  completely  mixed  with  the  water. 
It  is  assumed  that  similar  eddies  are  formed  when  the  blood  passes 
any  narrow  opening  (such  as  those  which  cause  stenosis  or  allow 
of  regurgitation)  into  a  wider  space  beyond,  and  that  the  eddies 
thus  formed  on  the  distal  side  of  the  constriction  produce  vibra- 
tions of  the  vessel  or  heart  wall  which  are  conducted  to  the  ear  as 
audible  sounds,  and  constitute  the  murmurs. 

,  But  this  does  not  constitute  the  whole  explanation.  It  is 
cei'tain  that  the  bruit  de  diable  heard  in  the  veins  of  the  neck 
in  anaemia  may  be  intensified  by  exerting  shght  pressure  on  the 
nieck  with  the  stethoscope,  but  a  bruit  de  diable  is  not  generally 
brought  out  in  a  healthy  person  however  much  pressure  be 
applied.  The  ease  with  which  eddies  are  formed  depends  princi- 
pally upon  the  degree  of  constriction  as  compared  with  the 
diameter  of  the  cavity  beyond  the  constriction,  but  depends  also 
upon  the  velocity  of  the  flow  and  upon  the  viscosity  of  the  fluid, 
varying  directly  with  the  first  and  second,  inversely  with  the 
third.  In  ansemia,  since  the  specific  gravity  of  the  blood  is 
markedly  lower  than  normal,  there  is  reason  to  believe  that  the 
viscosity  of  the  blood  is  diminished,  and  it  may  be  that  in  this 
lies  the  true  explanation  of  antemic  and  many  of  the  so  called 
functional  murmurs. 

The  fact  that  the  readiness  with  which  eddies  are  formed 
varies  directly  as  the  velocity  with  which  the  fluid  is  moving 
affords  an  explanation  of  certain  well-known  peculiarities  of 
murmurs.  Thus,  a  soft  murmur  is  often  associated  with  a  weak 
heart,  and  may  give  place  to  a  loud  murmur  when,  under  the 
influence  of  rest  or  drugs,  the  myocardium  has  become  strength- 
ened and  capable  of  ejecting  the  blood  with  a  greater  degree  of 
force.    Again,  a  murmur  which  is  absent  or  is  inaudible  when 
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the-  patient  is  in  the  recumbent  position,  may  be  distinctly  audible 
^±eii  the  patient  is  placed  in  the  sitting  or  standing  posture,  or 
if.  he  have  just  taken  a  few  steps  up  and  down  the  room.  Under 
any  of  these  conditions  the  heart  contracts  more  rapidly  and 
more  forcibly  than  when  the  patient  is  in  the  recumbent  position, 
and  the  result  is  that  the  velocity  of  the  blood-stream  is  increased. 
Again,  the  disappearance  of  a  murmur  when  organic  disease  of  the 
heart  is  known  to  exist  is  frequently  of  grave  import,  meaning,  as 
it'  may  do,  that  the  muscular  force  of  the  heart  has  become  im- 
paired to  such  an  extent  that  it  can  no  longer  impart  sufficient 
velocity  to  the  blood  for  the  formation  of  murmurs.  Speaking 
broadly,  therefore,  it  may  be  stated  that  if  organic  disease  of  the 
valves  or  myocardium  be  present,  a  loud  murmur  is  of  less  serious 
import  than  a  soft  murmur,  and  this  because  a  loud  murmur 
generally  implies  that  cardiac  contraction  is  taking  place  with 
some  considerable  amount  of  force. 

■  IVfurmurs  occurring  in  the  absence  of  organic  disease  of  valves- 
or  myocardium  fall  into  quite  a  different  .category  of  case,  though 
of  course  their  mode  of  formation  must  be  identical.  Thus  it  is. 
well  known  that  a  soft  systolic  murmur  may  be  heard  at  the  apex 
when  the  heart  is  acting  with  great  rapidity  as  the  result  of 
mental  excitement  or  great  physical  exertion.  Such  a  murmur 
entirely  disappears  when  a  normal  rate  of  heart-beat  becomes 
re-established.  Here  the  explanation  is  very  uncertain,  but  it  is 
possible  that  actual  slight  regurgitation  is  taking  place,  because 
the  contractions  and  dilatations  of  the  ventricle  follow  one 
another  with  so  great  a  rapidity  that  the  flaps  of  the  mitral  valve 
do  not  have  time  to  close  completely  before  they  are  again  pulled 
open.  It  must  be  confessed,  however,  that  there  are  numerous 
objections  to  such  a  view,  particularly  that  arising  from  the  fact 
that  a  child's  heart  may  be  acting  during  fever  so  rapidly  as  to  be 
uncountable,  and  yet  no  cardiac  murmur  is  audible.  The  whole 
question  is  of  extreme  importance  in  connection  with  life 
assurance. 

B.  The  Effect  of  Valvular  Lesions  upon  the  Size  of  the 
Cavities  of  the  Heart. — With  regard  to  this  point,  it  will  be 
necessary  to  consider  the  ventricles  more  closely  than  the  auricles. 
Owing  to  the  fact  that  the  left  auricle  is  in  connection  with  the 
large  -pulmonary  venous  system,  which  is  unprovided  with  valves, 
the  pulmonary  veins  and  the  left  auricle  may  be  regarded  as 
forming  part  of  one  large  cavity  with  thin  walls  extending 
between  the  pulmonary  semilunar  valves  and  the  mitral  valve  : 
the  right  auricle  similarly  forms  another  large  thin-walled  cavity, 
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owing  to  its  connection  with  the  superior  and  inferior  venae  cavae. 
The  ventricles,  on  the  other  hand,  though  their  walls  are  thick, 
form  small  cavities  bounded  by  the  auriculo-ventricular  and  the 
semilunar  valves. 

If  the  quantity  of  blood  in  any  of  the  cavities  of  the  heart 
(the  auricles  being  considered  here  anatomically)  be  increased, 
the  effect  that  such  an  increase  has  upon  the  size  of  the  cavity 
depends  entirely  upon  the  cavity  in  which  the  increased  volume 
of  blood  is  situated.  If,  for  example,  the  volume  of  blood  in  the 
left  auricle  be  doubled,  the  increase  of  pressure  which  that  increase 
of  volume  of  blood  produces,  immediately  reacts  throughout  the 
whole  of  the  large  pulmonary  venous  system,  and  a  minute 
passive  distension  of  that  system  readily  affords  room  for  the  few 
extra  cubic  centimetres  of  blood  :  the  size  of  the  left  auricular 
cavity  remains  practically  unchanged.  But  if  the  volume  of 
blood  in  the  left  ventricle  be  doubled,  the  only  manner  in  which 
that  blood  can  be  accommodated  along  with  competency  of  the 
valves,  is  by  a  distension  or  dilatation  of  the  ventricular  cavity. 
It  follows,  therefore,  that  increase  in  the  amount  of  blood  which 
is  contained  in  the  heart  at  any  given  time  produces  a  far  greater 
effect  upon  the  size  of  the  ventricular  than  it  does  upon  the  size 
of  the  auricular  cavities. 

ISIow  it  may  readily  be  shown  that  one  of  the  earliest  effects 
of  a  valvular  lesion  is  to  increase  the  volume  of  the  residual 
blood. •  If  we  assume  that  aortic  stenosis  be  suddenly  produced 
in  a  given  ventricular  systole  at  the  moment  when  the  mitral 
valve  closes,  and  that  the  effective  force  and  duration  of  the 
systole  remain  constant,  it  is  clear  that  at  the  end  of  that  systole 
a  larger  amount  of  blood  must  remain  in  the  left  ventricle  than 
remained  at  the  end  of  previous  systoles;  for  the  force  of  pro- 
pulsion and  the  time  remain  constant,  but  the  diameter  of  the 
outlet  is  diminished.  But  during  the  period  between  closure  of 
the  mitral  valve  in  this  first  systole  after  production  of  aortic 
stenosis,  and  its  subsequent  opening,  the  amount  of  blood  which 
has  collected  behind  the  mitral  valve  and  the  pressure  which  that 
blood  exerts,  are  the  same  as  when  the  aorta  was  unobstructed. 
Hence,  during  the  diastole  following  the  production  of  stenosis, 
the  left  ventricle  not  only  has  to  find  room  for  that  amount  of 
blood  which  it  was  unable  to  pass  into  the  aorta  at  the  last  systole, 
but  also  for  an  amount  corresponding  to  a  normal  ventricular 
output,  and  reaching  it  from  the  left  auricle.    It  must  therefore 

'  By  the  term  '  residual  blood '  is  meant  that  quantity  which  either  ventricle 
contains  at  the  height  of  systole. 
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.       dilate,  and  it  will  continue  to  dilate  with  each  diastole  until  the-- 

amount  of  blood  which  it  receives  during  diastole  is  equal  to  the  ; 
amount  of  blood  which  it  ejects  into  the  aorta  during  systole.  ■ 
If,  now,,  no  further  modification  be  introduced,  the  status  quo'  j 
will  be  maintained  and  the  circulation  will  go  on,  but  the  quantity  ] 
of  residual  blood  remaining  in  the  left  ventricle  at  each  systole,.  ! 
-  though-constant,  will  be  greater  than  normal,  and  the  left  ventricle- 
itself  will  be  dilated.  In  the  same  way  obstruction  at  the  pulmon- 
ary semilunar  valves  leads  to  dilatation  of  the  right  ventricle,  but  , 
since  the  walls  of  the  right  ventricle  are  thinner  than  those  of  the  i 
left,  it  is  less  able  to  withstand  increase  of  pressure,  and  therefore  i 
yields  more  readily  to  dilating  forces.  ■ 

If,  instead  of  obstruction,  regurgitation  takes  place,  the  same-  | 
dilatation  of  the  ventricles  must  also  occur.    In  the  case  of  aortic 
regurgitation  it  is  evident  that  the  amount  of  blood  which  the- 

left  ventricle  is  called  upon  to  contain  must  be  largely  increased,  { 

for  the  whole  of  the  arterial  peripheral  resistance  is  tending  to  ! 

force  the  blood  back  from  the  systemic  arteries  into  the  left  i 

ventricle  during  its  diastole.    But  the  same  is  true  if  regurgita-  I 

tion  occurs  at  the  mitral  valve,  for  the  left  ventricle  during  its^  j 
diastole  is  obliged  to  receive  not  only  an  amount  of  blood  equal 
to  the  volume  which  at  its  last  systole  it  injected  into  the  aorta,, 
but  also  that  additional  amount  which  during  the  preceding 

systole  it  had  forced  back  into  the  left  auricle  instead  of  onwards-  j 

into  the  aorta.    Moreover,  in  this  case  the  regurgitant  column  of  ; 

blood  raises  the  pulmonary  venous  pressure  and  thereby  increases-  j 

one  of  the  forces  which  are  about  to  produce  ventricular  dilata-  ; 
tion  in  the  succeeding  diastole.    Mutatis  mutandis,  the  same  is- 
true  in  the  case  of  tricuspid  incompetence. 

C.  The  Effects  of  Valvular  Lesions  upon  the  Thickness  of 
the  Muscular  Walls  of  the  Heart. — It  has  been- stated  above  that-  i 
if  the  effective  force  and  duration  of  the  ventricular  systole  remain  j 
constant,  but  the  diameter  of  the  aortic  orifice  be  diminished,  the  ] 
amount  of  residual  blood  in  the  left  ventricle  increases,  and,  I 
therefore,  the  cavity  dilates.  This  statement  tacitly  includes  ^ 
another  factor  which  comes  into  play  when  any  valve  of  the  ; 
heart  becomes  diseased.  In  the  case  of  a  contractile  sphere  with  •. 
liquid  contents  (and  the  ventricle  filled  with  blood  may  be  re- 
garded in  this  light),  dilatation  produces  two  results  :  1,  the  walls  j 
become  thinner,  and  2,  as  Eoy  and  Adami  have  pointed  out,  the  i 
resistance  to  contraction  of  the  wall  is  increased.  Now  it  follows  | 
from  these  considerations  that  the  effective  force  of  the  ventricle  \ 
cannot  remain  constant  when  dilatation  is  occurring,  unless  the-  , 
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■actual  force  of  ventricular  contraction  increases.  It  is  to-  tMs- 
latter  point  that  attention  must  now  be  turned.  ; 

The  effect  that  will  be  produced  upon  the  muscular  walls  ^of■ 
the  heart  by  any  valvular  lesion  depends  chiefly  upon  three  main^ 
factors :  1,  the  initial  nutritive  condition  of  the  muscular  tfs^Ue 
of  the  heart ;  2,  the  amount  of  circulatory  disturbance  that  the 
valvular  lesion  itself  introduces  ;  and  3,  the  situation  of  the  valve' 
that  is  affected.  The  first  we  shall  discuss  along  with  the  patho-* 
logy  of  the  myocardium ;  it  need  here  only  be  remarked  that- 
unless  the  muscular  tissue  be  healthy  none  of  the  changes  we  are 
about  to  detail  can  take  place,  or  only  to  a  limited  extent.  With; 
regard  to  the  amount  of  circulatory  disturbance  introduced  by  tihcv 
valvular  lesion  itself,  it  is  clear  that  the  lesion  may  be  so  suddenly 
produced  or  may  be  so  extensive  that  the  dilatation  of  the  ventri'-;' 
cles  to  accommodate  the  increase  of  residual  blood  proceeds  by 
strides  so  great  that  the  normal  reserve  power  of  the  ventricle,) 
though  exerted  to  the  full,  is  unable  to  maintain  a  constant  effeC'-' 
tive  force  of  systole.  Under  these  circumstances  ventriculaif: 
dilatation  must  lead  through  the  series  of  stages  which  constitute.' 
'cardiac  failure'  and  must  end  in  death.  At  the  autopsy  the' 
heart  muscle  will  be  found  flabby  and.  thinned,  the  ventricle^; 
dilated,  and  both  they  and  the  auricles  distended  with  blood  ;  the' 
picture  will  be  one  of  a  heart  that  has  completely  failed  to  cope; 
with  its  contents. 

Fortunately,  however,  such  a  termination  is  comparativeijM 
rare.  More  commonly  the  amount  of  dilatation  that  is  producefli 
by  the  valvular  lesion  is  sufficiently  small  for  an  effective  systole' 
to  be  brought  about  by  a  call  upon  the  reserve  power  of  the  heart 
which  can  be  met ;  sudden  and  fatal  dilatation  of  the  ventricle  as' 
thereby  staved  off.  But  since  the  dilatation  of  the  ventriclefe  in- 
creases the  resistance  to  contraction,  whereby  more  work  is  throwlii 
upon  the  muscular  walls  of  the  heart,  the  heart  muscle  responds' 
in  the  manner  customary  with  all  muscular  tissue  when  it  is- 
intermittently  called  upon  to  perform  more  work  and  hyper--, 
trophies.  The  ventricular  wall  becomes  again  as  thick  as  it  was ' 
before  dilatation  set  in,  or  even  thicker,  the  heart  beats  with^ 
increased  force,  and  the  cardiac  impulse  may  be  '  heaA^ing '  in ' 
character.  ' 

At  the  same  time,  since  the  left  is  the  chief  ventricle  to', 
undergo  change,  the  apex  of  the  heart  becomes  displaced  down-' 
wards  and  outwards,  and  the  visible  impulse  may  be  in  the 
seventh  costal  interspace  well  to  the  outer  side  of  the  nipple  line. 
Along  with  the  onset  of  hypertrophy,  need  for  assistance  from  the 
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reserve  force  of  the  heart  ceases,  and  since  the  hypertrophied 
heart  under  the  conditions  we  are  considering  produces  a  more 
powerful  systole,  a  greater  amount  of  blood  than  is  received'  by 
the  ventricle  is,  for  a  time,  ejected  by  it  at  each  heart's  beat  into 
the  aorta.  The  amount  of  residual  blood  is  thereby  diminished, 
&nd  pari  2^(18811  the  cavity  of  the  ventricle  tends  to  return  to  its 
original  normal  size.  The  natural  cure,  therefore,  for  dilatation 
of  the  heart  is  the  muscular  hypertrophy  which  that  dilatation 
induces. 

We  have  spoken  throughout  chiefly  of  the  left  ventricle,  but 
the  right  ventricle  also  undergoes  identical  changes  when  there  is 
obstruction  to  the  flow  of  blood  through  the  pulmonary  orifice;  or 
when  the  tricuspid  valve  becomes  incompetent.  Nevertheless, 
there  are  certain  differences  which  must  be  noted  with  reference 
to  this  cavity.  In  the  first  place,  changes  in  the  right  ventricle 
dependent  upon  valvular  lesion  are,  with  the  exception  of  the  rare  ■ 
cases  of  primary  valvular  disease  of  the  right  side  of  the  heart, 
always  immediately  preceded  by  mitral  incompetence.  As  the 
result  of  this  mitral  incompetence,  the  blood  pressure  in  the  pul- 
monary venous  system  is  raised,  for  at  each  systole  of  the  left 
ventricle  blood  regurgitates  through  the  mitral  orifice  into  tHfe 
left  auricle,  which  is  in  direct  continuity  with  the  pulmonary 
veins.  This  increase  of  pulmonary  venous  pressure  acts  back- 
wards through  the  pulmonary  capillaries  upon  the  blood  in  the 
pulmonary  artery  and  creates  an  obstacle  to  the  opening  of  the 
pulmonary  semilunar  valves.  More  work  is  therefore  throwli 
upon  the  right  ventricle,  which,  following  the  law  we  have  dis- 
cussed above,  dilates  to  accommodate  an  increase  of  residual 
blood,  and  also  hypertrophies.  In  the  second  place,  owing  to. the' 
thinness  of  the  right  ventricular  wall,  accumulation  of  residual 
blood  more  readily  leads  to  dilatation  on  this  side  of  the  heart 
than  it  does  on  the  left  side.  One  may,  therefore,  briefly  state 
that  while  dilatation  and  hypertrophy  occur  in  the  case  of  both 
ventricles  as  the  result  of  valvular  lesion,  dilatation  is  mpi^-e 
common  and  more  marked  in  the  right  ventricle,  hypertrophy  is 
more  common  and  more  marked  in  the  left  ventricle.  .  it, 

To  the  more  common  hypertrophy  of  the  left  ventricle  £li'so 
conduces  the  fact  that  lesions  of  the  aortic  and  mitral  valves. are 
so  much  more  frequently  met  with  than  lesions  of  any  other 
valves.  Aortic  stenosis  throws  more  work  upon  the  left  ventricle, 
for  though  the  volume  of  blood  to  be  injected  into  the  aorta  is' the. 
same,  the  duration  of  systole  is  not  increased^  and  the  aortic 

'  It  is  not  absolutely  correct  te  say  that  the  volume  of  blood  to  be  injected -in tcJ 
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orifice  is  diminished  in  diameter.  In  the  cases  of  aortic  regurgita- 
tion- and  mitral  regurgitation,  more  work  is  demanded  of  the  left 
ventricle,  because,  in  the  first  case,  it  not  only  has  to  inject  into 
the  aorta  the  normal  amount  of  blood  but  also  that  amount  which 
has  returned  to  it  during  the"  preceding  diastole,  and  in  the  second 
case,  because  it  is  necessary,  if  the  volume  of  blood  injected  intO' 
the  aorta  is  to  remain  normal,  that  the  volume  of  blood  upon 
which  the  left  ventricle  contracts  should  be  greater  than  normal 
by  an  amount  equal  to  that  which  is  destined  to  return  into  the- 
left  auricle  by  regurgitation. 

Mitral  stenosis,  it  is  generally  asserted,  leads  to  hypertrophy 
of  the  left  auricle  by  reason  of  the  increased  work  that  is  thrown 
upon  the  walls  of  that  cavity  in  their  endeavour  to  pass  the- 
blood  through  the  contracted  mitral  orifice.  In  very  many  cases^ 
no  doubt,  the  auricular  wall  is  thicker  than  normal,  but  a  fairl>^ 
constant  change  in  mitral  stenosis  is  a  moderate  amount  of 
hypertrophy  with  dilatation  of  the  left  ventricle.  It  is  on  this 
fact  that  those  authors  largely  rely  who  maintain  that  the 
essential  circulatory  disturbance  produced  by  mitral  stenosis  is 
regurgitation.  They  hold,  with  justice,  that  the  hypertrophy  and 
dilatation  indicate  increased  work,  and  that  it  is  difficult  to 
•see  how  increased  work  can  be  thrown  upon  the  left  ventricle 
if  the  only  or  the  chief  result  of  mitral  stenosis  is  to  diminish 
the  amount  of  blood  entering  that  cavity.  If  such  were  the 
case,  the  left  ventricle  should  be  not  dilated  but  contracted,  and 
its  walls  should  not  be  hypertrophied  but  atrophied. 

Dilatation  and  hypertrophy  of  the  ventricles  have  been  dealt 
with  separately  for  the  object  of  clearness,  and  it  has  been  shown 
that,  theoretically,  dilatation  of  the  heart  must  precede  hyper- 
trophy, when  both  are  the  results  of  a  valvular  lesion.  Patho- 
logically, however,  they  accompany  one  another,  and  a  heart  that 

the  aorta  and  the  duration  of  systole  remain  normal  when  the  aortic  orifice  is  stenosed.. 
The  atrophic  condition  of  parts  supplied  by  systemic  arteries  in  many  cases  is  clear 
evidence  that  such  parts  do  not  receive  their  full  blood  supply.  With  regard  to  the 
duration  of  systole,  the  matter  is  more  difficult ;  owing  to  the  larger  area  of  heart 
which  comes  into  contact  with  the  chest  wall  during  systole  an  impression  is  given  of 
a  prolonged  systole.  According  to  Fagge  and  Pye-Smith,  the  pulse  in  aortic  stenosis 
is  infrequent,  but  infrequency  of  pulse  must  be  regarded  as  evidence  of  prolongation 
of  diastole  rather  than  as  evidence  of  prolongation  of  systole ;  and  though  the 
sphygniograph  shows  that  with  extreme  stenosis  the  summit  of  the  pulse-wave  is  more 
slowly  reached  than  normal,  great  caution  must  be  exercised  in  interpreting  cardiac 
events  by  the  light  of  sphygmographic  tracings.  In  any  case  the  statements  made  in 
the  text  do  not  err  largely. 

In  aortic  stenosis  and  regurgitation  the  dilated  and  hypertrophied  heart  may  weigh 
as  much  as  forty-five  ounces  (Fagge  and  Pye-Smith). 
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is  hypertrophied  is  almost  invariably  dilated.  The  converse, 
that  a  dilated  heart  is  almost  invariably  hypertrophied,  is  not 
true ;  for  if  from  any  cause  the  nutritive  condition  of  the 
muscular  tissue  is  impaired,  or  if  .the  valvular  lesion  be  very 
severe  or  of  very  sudden  onset,  hypertrophy  may  fail  completely 
and  dilatation  alone  may  be  found.  Nor  do  hypertrophy  and 
dilatation  run  hand  in  hand.  In  a  favourable  case,  at  first  hyper- 
trophy outstrips  dilatation,  but  in  all  cases  of  valvular  lesion, 
however  favourable  at  first,  if  the  disease  proceeds  to  its  natural 
termination,  hypertrophy  fails  more  and  more  to  keep  pace  with 
dilatation  as  time  goes  on,  and  at  last  dilatation  goes  to  the  front 
■and  rapidly  brings  about  death  of  the  patient. 

D.  The  Effects  of  Valvular  Lesions  upon  other  Org-ans  and 
Tissues  of  the  Body. — If  the  overwhelming  importance  of 
the  heart  in  the  economy,  and  its  dependence  upon  integrity  of 
valves  for  the  due  performance  of  its  functions,  be  borne  in 
mind,  it  is  easy  to  understand  that  valvular  lesions  may  cause 
modifications  in  any  or  all  of  the  organs  or  tissues  of  the  body. 
These  modifications,  since  they  must  ultimately  depend  upon 
deviations  from  the  normal  blood  supply-  of  those  organs  or 
tissues,  may  be  either  anatomical  or  physiological ;  as  a  rule, 
however,  both  structure  and  function  are  affected.  But  the  re- 
markable fact  is  that  in  the  majority  of  cases  a  valve  lesion  may 
exist  for  a  long  period,  frequently  for  years,  during  which  the 
body  at  large  grows,  is  nourished,  and  performs  its  functions  in 
a  perfectly  normal  manner.  It  has  been  said  above  that  in  an 
uncomplicated  case  dilatation  is  the  ultimate  cause  of  the  patient's 
death,  and  that  hypertrophy  is  the  natural  cure  for  that  dilata- 
tion. It  is  this  hypertrophy  which  protects  the  rest  of  the  body 
from  the  evils  which  otherwise  would  have  accrued  to  it  as  the 
result  of  the  valve  lesion,  and  if  the  amount  of  hypertrophy  be 
sufficient  to  fully  protect  the  body  from  those  evils,  it  may 
rightly  be  said  to  '  fully  compensate  '  for  the  valve  lesion.  The 
occurrence  of  complete  compensatory  hypertrophy,  however,  is 
dependent  upon  so  many  factors,  any  one  of  which  may  be  in- 
adequate, that  complete  compensation,  in  the  sense  that  the 
patient  is  capable  of  living  and  acting  as  a  normal  healthy 
person,  is  rare.  Cases  have  been  known  in  which  the  com- 
pensation has  been  so  complete  that  exertions,  even  so  fatiguing 
as  those  of  military  marching  during  the  course  of  a  campaign, 
have  been  undergone  without  more  than  ordinary  discDmfort ; 
nevertheless,  it  is  more  common  to  find  that  reserve  fores  of  the 
heart,  though  present,  is  not  so  great  as  it  is  in  the  normal 
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subject;  the  patient,  for  example,  can  walk,  but  be  cannot  run 

without  distress. 

The  amount  of  reserve  power  which  is  held  by  a  heart  that 
is  the  seat  of  compensatory  hypertrophy  is  very  variable.  In 
one  patient  the  reserve  force  may  be  equal  to  that  of  a  normal 
healthy  person,  in  another  it  may  be  sufficient  to  allow  him  to 
walk  but  not  to  run,  in  a  third  the  patient  may  be  able  to  walk 
on  the  flat  but  becomes  breathless  on  attempting  to  niount  the 
slightest  incline,  a  fourth  may  be  in  comfort  when  driving,  but 
cannot  walk  more  than  a  few  steps,  while  yet  a  fifth  may  experi- 
ence distress  at  all  times  excepting  those  during  which  he  is  at 
rest  in  bed.  In  the  last  case,  though  equal  to  the  maintenance 
of  a  bare  circulation,  the  heart  is  unequal  to  the  performance 
of  even  the  minor  exertions  of  life.  Further,  not  only  is  the 
amount  of  reserve  force  that  resides  in  a  hypertrophied  heart  an 
uncertain  quantity,  but  also  such  reserve  force  as  is  actually 
present  is  unstable.  In  the  first  place,  for  some  reason  that  is 
at  present  uncertain,  but  is  probably  at  bottom  nervous,  hyper- 
trophied muscle  is  very  liable  to  undergo  degenerative  changes ; 
perhaps  even,  more  prone  to  them  than  normal  muscle.'  In  the 
second  place,  since  the  amount  of  reserve  force  available  is  less 
than  normal,  a  greater  proportion  of  those  accidents  of  life  which 
befall  the  normal  heart— slight  ailments  (especially  those  accom- 
panied by  fever),  excitement,  pain,  fear,  &c.— and  which  the 
normal  heart  bears  without  harm,  are  directly  injarious  to  the 
hypertrophied  heart.  And,  in  the  third  place,  the  valve  lesion 
which  is  calHng  for  compensatory  hypertrophy  is,  in  the  vast 
majority  of  cases,  a  gradually  progressive  one :  the  fibrous  tissue 
whi(?h  surrounds  a  '  button-hole  '  mitral  orifice  contracts  yet  more 
as  time  goes  on ;  an  aortic  orifice,  which  permits  regurgitation, 
contracts,  and  adds  obstruction  to  regurgitation,  or,  in  other  cases, 
dilates  yet  more,  and  allows  increased  regurgitation.  Whatever 
be  the  lesion,  the  ratio  between  it  and  the  hypertrophy  cannot 
remain  a  constant  one  ;  earlier  or  later  hypertrophy  must  fail. 
The  immediate  result  of  that  failure  depends  upon  the  valve  that 
is  affected. 

Owing  to  the  fact  that  the  heart  is  provided  with  four  valves 
and  two  muscular  cavities  (the  auricles  in  this  connection  may 
be  ignored),  ventricular  failure  is  not  of  necessity  synonymous 
with  cardiac  failure.    For  though,  to  take  an  example,  the  aortic 

'  The  best  examples  of  degenerative  changes  following  on  hypertrophy  are  found 
in  cases  where  a  certain  group  of  muscles  has  become  hypertrophied  owing  to  its 
particular  use  in  the  patient's  vocation  ;  of  this  kind  are  '  hammerman's  palsy '  and 
allied  conditions. 


OTHEE  OKGANS  AND  TISSUES 


83 


semilunar  valves  may  be  diseased  in  such  a  way  as  to  lead  to 
dilatation  and  hypertrophy  of  the  left  ventricle,  events  occurring 
in  this  cavity  during  systole  are  shut  off  from  the  left  auricle, 
lungs,  right  side  of  the  heart,  and  systematic  venous  system  by  the 
competency  of  the  mitral  valve.  But  when  failure  of  the  left 
ventricle  sets  in  and  dilatation  gains  the  upper  hand,  the  left 
auriculo-ventricular  fibrous  ring  shares  in  the  dilatation  and 
separates  the  bases  of  the  mitral  flaps,  and  the  musculi  papillares 
carried  with  the  ventricular  wall  are  set  further  apart  than 
normal.  Under  these  conditions,  strict  closure  of  the  mitral 
valve  during  systole  is  impossible,  and  mitral  regurgitation  takes 
place.  The  lungs  now  share  in  the  trouble,  and  dyspnoea,  oedema 
of  the  lungs,  bronchitis  may  occur.  The  right  side  of  the  heart, 
however,  is  still  protected  by  the  pulmonary  semilunar  valves, 
though  they  give  evidence  of  the  stress  that  is  upon  them  by 
accentuation  of  the  sound  they  yield  in  their  closure.  But  the 
increased  tension  throughout  the  pulmonary  circulation,  and  the 
anatomical  changes  in  the  blood-vessels  of  the  lungs  that  rapidly 
supervene,  constitute  an  obstruction  to  the  opening  of  the 
pulmonary  semilunar  valves.  This,  in  the  manner  that  has 
already  been  described  in  detail,  leads  to  dilatation  and  hyper- 
.trophy  of  the  right  ventricle,  and  transmits  the  stress  caused  by 
the  aortic  lesion  back  to  the  tricuspid  valve.  So  long  as  the 
tricuspid  valve  is  competent,  though  heart  and  lungs  suffer,  the 
body  at  large  is  safe.  But.  once  dilatation  of  the  right  ventricle 
has  gone  so  far  as  to  permit  tricuspid  regurgitation,  '  cardiac 
failure,'  with  its  train  of  symptoms,  sets  in,  and  every  organ  and 
tissue  of  the  body  is  called  upon  to  bear  the  brunt  of  the  aortic 
lesion.  Now,  the  pressure  in  the  systemic  veins  is  increased,  as 
was  at  an  earlier  period  the  pressure  in  the  pulmonary  veins,  and 
the  effects  of  chronic  venous  congestion  show  themselves ;  the 
liver  becomes  altered  and  the  exercise  of  its  functions  impaired, 
the  kidneys  are  anatomically  changed  and  no  longer  secrete 
normal  urine,  the  alimentary  tract  is  disorganised  and  dyspepsia 
results,  the  skin,  subcutaneous  tissue  and  muscles  become 
oedematous  and  lose  their  normal  elasticity,  fluid  collects  in 
the  serous  cavities  and  there  produces  its  own  particular  pressure 
symptoms,  the  functions  of  the  brain  become  disordered,  and 
delirium,  insomnia,  hallucinations  or  other  troubles  result.  Such 
is  the  picture  of  the  latter  end  of  valvular  disease  if  it  goes  On  to 
its  natural  termination  :  the  tricuspid  valve  holds  the  key  of  the 
situation,  but  only  so  long  as  the  right  ventricle  allows.^ 

'  We  are  not  concerned  here  with  therapeutics,  otherwise  it  might  be  shown  how 
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III.  The  Pathology  of  the  Myocardium,  excluding-  chang-es 
due  to  valve  lesions.— We  have  already  described  how  the  heart 
muscle  may  become  thinned  by  dilatation  or  thickened  by  hyper- 
trophy as  the  result  of  valve  lesion,  but  disease  of  the  valves  of 
the  heart  is  not  the  only  method  whereby  secondary  myocardial 
changes  such  as  those  hitherto  dealt  with  may  be  brought  about. 
They  are  also  induced  by  morbid  changes  in  other  parts  of  the 
body.  Most  important  of  these  are  conditions  which  oppose 
obstacles  to  the  opening  of  the  pulmonary  or  aortic  semilunar 
valves  by  raising  the  blood  pressure  in  the  pulmonary  or  systemic 
circulation.  Hence  it  is  found  that  changes  in  the  right  side  of 
the  heart  are  caused  by  various  diseases  of  the  lungs,  changes  m 
the  left  side  of  the  heart  are  caused  by  various  morbid  conditions 
of  the  systemic  arteries.  The  latter  we  shall  not  discuss  here,  for 
they  fall  more  naturally  under  the  pathology  of  the  blood-vessels, 
but  concerning  the  former  a  word  may  be  said. 

So  far  as  the  lungs  are  concerned  any  morbid  condition  which 
impedes  the  circulation  through  them  leads  to  changes  in  the 
right  ventricle.  For  reasons  that  have  been  given  that  change 
is  most  commonly  in  the  way  of  dilatation.  Chief  among  the 
conditions  is  the  morbid  change  known  as  '  emphysema,'  in  which 
the  walls  of  the  alveoli  are  stretched  and  their  elasticity  is  lost. 
Since  the  pulmonary  capillaries  run  in  these  alveolar  walls  it 
follows  that  they  too  are  stretched,  and  therefore  that  their 
lumen  is  narrowed.  Now,  the  viscosity  of  a  fluid  being  constant, 
the  resistance  which  that  viscosity  presents  to  the  onward  flow  of 
the  fluid  through  a  tube,  varies  inversely  as  the  square  of  the 
diameter  of  the  tube  through  which  the  fluid  is  passing.  Hence 
the  work  that  is  thrown  upon  the  right  ventricle  in  forcing  the 
blood  through  the  narrowed  and  elongated  capillaries  is  enor- 
mously increased  and  dilatation  ensues  :  in  time  this  leads  to 
tricuspid  regurgitation  and  cardiac  failure.  But  emphysema, 
though  perhaps  it  may  at  times  be  a  primary  disease,  neverthe- 
less is  in  the  vast  majority  of  cases  secondary  to  either  chronic 
bronchitis  or  asthma  ;  hence  chronic  bronchitis  and  asthma  with 
emphysema  may  be  regarded  as  the  chief  pulmonary  causes  of 
dilatation  and  hypertrophy  of  the  right  ventricle. 

It  might  be  expected  that  cardiac  changes  would  be  brought 

the  whole  aim  of  treatment  in  heart  disease  is  directed  towards  averting  the  onset  of 
cardiac  failure  and  favouring  hypertrophy.  The  two  principles  which  guide  the 
physician  are  (1)  diminution  of  the  amount  of  work  demanded  from  the  heart, 
(2)  improvement  of  the  nutritive  condition  of  the  heart  muscle.  Measures  which  do 
not  conform  to  either  of  these  two  principles  are  valueless,  if  not  directly  harmful. 
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about  when,  e.g.,  a  new  growth,  or  acute  croupous  pneumonia,  or 
tuberculous  infiltration,  or  pleural  effusion  leading  to  compression 
has  obliterated  the  larger  number  of  pulmonary  capillaries,  or  at 
all  events  has  greatly  impeded  the  flow  of  blood  through  them, 
and  to  some  extent  this  is  the  case.  But  there  is  a  marked 
difference  between  a  process  which  affects  practically  all  the 
pulmonary  circulation,  such  as  the  emphysema  induced  by 
long-standing  chronic  bronchitis  or  spasmodic  asthma,  and  a 
process  that  affects  a  portion  only  of  the  pulmonary  vessels, 
though  in  the  latter  case  the  individual  vessels  may  be  far  more 
seriously  involved.  This  is  well  shown  by  an  experiment  made 
by  Lichtheim  five-and-twenty  years  ago.  He  found  that,  by 
ligature  of  branches  of  the  pulmonary  artery,  the  united  sectional 
area  of  permeable  vessels  may  be  reduced  to  nearly  one-fourth  of 
its  normal  dimensions,  and  yet  the  increase  of  pressure  in  the 
pulmonary  artery  is  but  trifling  (6  mm.  Hg.).  The  blood  which 
normally  passed  through  the  two  lungs  now  passes  through  only 
a  small  portion  of  one  of  them,  but  dilatation  of  the  still  pervious 
vessels  and  acceleration  of  the  blood  flow  suffice  to  prevent  any 
serious  results.  It  is  this  fact  which  explains  the  general  absence 
of  dilatation  and  hypertrophy  of  the  right  ventricle  in  such 
diseases  as  have  been  mentioned  above.  To  a  certain  extent  they 
must  and  do  occur,  but  only  when  the  amount  of  lung  involved 
is  very  considerable,  and  it  is  only  in  the  rarest  instances  that  they 
lead  to  subsequent  tricuspid  regurgitation  and  cardiac  failure. 

In  emphysema  the  lung  condition  is  chronic,  and  hence  there 
is  time  for  the  occurrence  of  hypertrophy  of  the  right  ventricle, 
but  in  some  morbid  conditions  of  the  lungs  the  onset  is  so  sudden 
and  severe  that  acute  dilatation  of  the  right  ventricle  without 
hypertrophy  is  the  result. 

Such  a  result  occurs  in  asphyxia,  whether  it  be  produced  by 
direct  laryngeal  or  tracheal  obstruction  or  depend  upon  inter- 
ference with  entry  of  air  to  the  air-sacs  lower  down.  Apart 
from  such  causes  as  strangulation  and  impaction  of  foreign 
bodies  in  the  glottis,  the  heart  affection  may  be  induced  by 
cedema  of  the  glottis,  by  diphtheria,  in  which  the  larynx  is  often 
entirely  or  almost  entirely  closed  by  the  so-called  false  membrane, 
by  acute  bronchiolitis,  in  which  the  bloody  exudation  and  thin 
mucus  poured  out  in  the  bronchioles  is  churned  with  air  by  the 
respiratory  movements  into  a  pink  tenacious  foam  that  prevents 
the  entrance  of  air  into  the  air-sacs,  in  drowning  or  in  other  con- 
ditions in  which  liquid  is  inspired  into  the  lungs,  and  so  on. 

Though  cardiac  failure  occurs  in  these  acute  asphyxial  cases 
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as  it  does  in  chronic  pulmonary  and  in  valvular  diseases,  the 
rationale  of  its  production  is  different.  In  asphyxia  the  aortic 
blood  pressure  rises  considerably,  but  though  this  rise  of  pressure 
acting  backwards  through  the  lungs  must  assist  in  producing  the 
final  result,  it  is  more  probable  that  the  true  reason  of  acute 
cardiac  dilatation  in  asphyxia  is  to  be  sought  in  the  venosity  of 
the  blood  and  in  the  descent  of  nervous  impulses  from  the  bulb  to 
the  heart.  For  when  the  bulb  is  supplied  with  blood  containing 
more  than  a  minimal  amount  of  carbonic  dioxide,  certain  of  the 
nerve  centres  situated  in  the  bulb  are  stimulated,  and  amongst 
them  the  vagus  centre.  The  heart  thereby  becomes  slowed,  and 
the  output  of  both  ventricles  is  diminished.  The  pressure  in  the 
systemic  veins  rises,  and  that  rise  is  greatly  aided  by  the  excessive 
muscular  exertions  involved  in  the  forced  respiration  which  the 
asphyxia  also  induces ;  occasionally  the  rise  of  venous  pressure 
thus  produced  is  sufficient  to  lead  to  increased  output  from  the 
right  ventricle  in  spite  of  the  vagus  inhibition.  At  the  same  time, 
accelerator  impulses  are  constantly  reaching  the  heart  and 
tending  to  produce  more  rapid  contraction.  Hence  four 
forces  are  acting  upon  the  right  heart :  (1)  upon  the  ven- 
tricular wall  are  acting  (indirectly)  accelerator  impulses  which 
call  for  contraction  of  the  ventricle  at  whatever  cost,  on  behalf 
of  the  body  generally,  and  besides  them  (2)  inhibitory  im- 
pulses which,  though  protecting  the  heart,  nevertheless  at  the 
same  time  lead  to  diastohc  dilatation  of  the  ventricle  ;  (3)  behind 
is  an  enormously  increased  venous  pressure  ;  and  (4)  in  front 
is  an  impediment  in  the  shape  of  increased  aortic  pressure. 
But  from  the  nature  of  the  case  the  initial  difficulty,  i.e.  the 
deficient  aeration  of  the  blood,  not  only  continues  but  becomes 
rapidly  more  urgent,  and  ultimately  the.  cardio-inhibitory  centre 
itself  becomes  asphyxiated  and  ceases  to  act,  and  the  heart,  left 
in  a  dilated  condition  and  having  itself  been  supplied  during  the 
crisis  with  venous  blood,  is  given  over  to  the  unrestrained  action 
of  the  three  remaining  forces.  Unrestrained  by  vagus  action,  and 
perhaps  directly  urged  by  the  accelerators,  overfilled  during 
diastole,  it  contracts  rapidly  but  feebly,  until  at  last  the  dilatation 
is  such  and  the  exhaustion  of  the  ventricle  is  such  that  it  can 
no  longer  cope  with  its  contents.  Even  then  the  whole  I'eserve 
power  of  the  ventricle  is,  as  a  rule,  not  used  up,  for  if  an  incision 
be  made  into  the  arrested  right  ventricle  of  a  dog  that  has  been 
asphyxiated,  there  will  be  a  short  return  of  systohc  contraction 
when  a  portion  of  the  imprisoned  blood  has  escaped  through  the 
artificial  opening.  -  ' 
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We  may  conclude,  therefore,  that  diseases  of  the  lungs  produce 
cardiac  dilatation  in  two  ways :  (1)  by  way  of  emphysema  they 
offer  a  resistance  to  opening  of  the  pulmonary  semilunar  valves, 
and  thereby  increase  the  work  of  the  right  ventricle,  and  since 
this  is  generally  more  or  less  chronic,  hypertrophy  occurs  along 
with  dilatation ;  (2)  by  way  of  asphyxia  they  produce  {a)  hyper- 
distension  of  the  right  ventricle  from  reflex  vagus  action  and 
from  increased  pressure  in  the  systemic  veins,  and  (&)  impairment 
of  muscular  nutrition  of  the  right  ventricle  from  venosity  of  the 
blood  which  supphes  the  muscular  tissue,  from  exhaustion  that 
occurs  when  vagus  action  no  longer  restrains  the  rate  of  con- 
traction, and  probably  also  from  endeavours  to  answer  the  inces- 
sant calls  that  reach  the  right  ventricle  through  the  accelerator 
nerves. 

So  far  the  conditions  of  the  myocardium  we  have  considered 
have  been  included  under  hypertrophy  and  dilatation  with 
atrophy,  but  the  heart  muscle  may  also  be  affected  by  all  other 
changes  to  which  muscular  tissue  elsewhere  is  liable.  It  may 
undergo  inflammation  (myocarditis),  indeed  in  all  cases  of  peri- 
cf-rditis  and  endocarditis  a  greater  or  less  amount  of  myocarditis 
is  present  ;  it  may  undergo  degenerations,  of  which  cloudy 
swelling  and  fatty  degeneration  are  the  most  common  and  impor- 
tant, though  other  forms  of  degeneration  are  also  known  ;  it  may 
be  the  seat  of  fibroid  change  or  of  various  kinds  of  new  growth  or 
parasite ;  it  may  be  called  upon  to  work  when  the  bodily  tempera- 
ture is  raised.  Under  all  of  these  conditions  the  muscular  tissue  is 
modified  and  in  one  direction  :  it  is  rendered  less  capable  of  per- 
forming its  function.  An  inequality  between  work  demanded  and 
power  to  do  work  is  therefore  set  up  under  these  conditions  as  it 
is  set  up  when  a  valve  lesion  is  produced.  But  the  difference 
between  the  two  cases  is  that  whereas  conservative  changes  in 
the  myocardium  may  compensate  for  a  valve  lesion,  an  affection 
of  the  myocardium  itself  ipso  facto  deprives  the  heart  of  its  last 
means  of  defence.  In  this  lies  the  great  danger  of  organic  disease 
of  the  heart  muscle.  In  many  cases,  particularly  in  those  that 
are  acute,  it  is  not  only  the  heart  muscle  which  suffers,  but  also 
the  other  constituents  of  the  heart  wall,  fibrous  tissue,  blood- 
vessels, and  even  nervous  elements. 

The  natural  termination  of  diseases  of  the  myocardium  is  by 
way  of  heart  failure,  which  is  common,  or  by  way  of  rupture  of 
the  ventricle,  which  is  rare.  If  the  condition  end  by  heart  failure 
all  the  symptoms  of  that  condition,  cardiac  as  well  as  general, 
show  themselves  even  to  the  presence  of  mitral  and  tricuspid 
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murmurs.  The  sounds  of  the  heart,  even  before  definite  cardiac- 
failure  sets  in,  are  '  slapping  '  or  feeble,  and  the  heart  endeavours, 
by  rapidity  of  action  to  make  up  for  its  want  of  force.  As  might 
be  expected,  a  murmur  if  present  is  soft,  sometimes  almost  in- 
audible, or  it  may  not  amount  to  more  than  an  *  impurity  '  of  the 
first  sound.  Cardiac  impulse  may  be  imperceptible,  or,  if  per- 
ceptible, is  of  very  short  duration.  In  every  way  the  heart  gives 
evidence  of  inability  for  sustained  contraction.  Moreover,  the 
very  endeavour  to  do  work,  in  a  heart  whose  muscle  is  diseased, 
is  accompanied  by  a  greater  expenditure  of  energy  than  would  be 
the  case  if  the  same  amount  of  work  were  done  by  a  healthy 
heart  :  the  diseased  heart  works  not  only  badly,  but  also  waste- 
fully,  and  hence  mere  action  further  aggravates  the  tendency  to 
cardiac  failure. 

If  the  condition  end  by  rupture,  this  usually  takes  place  in  the 
left  ventricle  as  being  the  one  exposed  to  the  greatest  stress,  and 
at  or  near  the  apex  as  being  the  thinnest  and  least  supported  part 
of  that  ventricle  ;  it  is  brought  about  by  the  attempt  of  the  heart 
to  meet  a  sudden  demand  which  is  excessive  for  it  in  its  en- 
feebled condition.  Eupture  leads,  of  course,  to  rapid  death,  and, 
as  has  already  been  said,  this  is  not,  as  might  at  first  sight  be 
imagin-ed,  from  haemorrhage,  for  only  150-200  c.c.  of  blood  are 
effused,  but  from  the  sudden  increase  in  intra-pericardial  pressure 
that  is  brought  about  by  the  accumulation  of  blood.  A  heart  in 
which  rupture  occurs  is  usually  the  seat  of  either  fatty  or  fibroid 
change. 

It  is  obvious  that  disorders  of  the  myocardium  ultimately  de- 
pend upon  a  disturbance  between  the  relations  of  the  heart  muscle 
and  the  blood.  In  the  case  of  chronic  cardiac  disease,  changes  in 
the  blood  can  only  be  surmised ;  but  in  ansemia,  and  especially 
in  that  form  which  is  known  as  pernicious  anaemia,  the  blood 
conditions  lead  to  fatty  degeneration  of  the  myocardium,  and  the 
modification  of  the  blood  itself  is  manifest. 

The  effects  of  blood-changes  upon  heart  action  have  been 
investigated  by  several  authors.  Kinger  found  that  without  the 
presence  of  a  lime  salt  in  the  circulating  fluid  contractility  of  the 
isolated  frog's  ventricle  cannot  be  supported,  that  lime  salts  greatly 
delay  diastoHc  dilatation,  and  that  this  effect  of  lime  may  be 
neutralised  by  salts  of  potassium.  He  found  also  that  production 
of  acid,  particularly  that  which  is  formed  in  the  course  of  and  as. 
the  result  of  muscular  contraction,  is  also  inimical  to  cardiac 
contraction,  but  that  the  action  of  the  acid  may  be  obviated  by 
washing  the  heart  with  a  weak  solution  of  sodium  bicarbonate,. 
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which  acts  not  by  virtue  of  its  elementary  composition,  but  by 
virtue  of  its  alkalinity.  A.  H.  AVhite  carried  the  matter  some- 
what fm'ther,  for  he  found  that  in  the  absence  of  certain  salts,  the 
most  important  of  which  are  sodium  carbonate,  calcium  chloride,, 
and  potassium  chloride,  the  nutrient  medium  which  is  necessary 
for  sustaining  the  frog's  heart  outside  the  body  cannot  be  utilised. 
In  the  case  of  the  mammalian  heart,  and  probably  also  in  all 
animals,  the  part  played  by  oxygen  is  of  fundamental  importance. 
Thus  Magnus  found  that  the  cat's  heart  survives  for  as  much  as- 
an  hour  after  removal  from  the  body  provided  that  it  is  supplied 
freely  with  oxygen  through  the  coronary  arteries.  Even  the- 
.  supply  of  nutrient  material  is  relatively  of  quite  minor  import- 
ance. On  the  other  hand,  carbonic  acid  and  hydrogen  very  readily 
kill  the  heart :  after  a  few  fibrillar  twitchings  its  action  ceases- 
altogether.  F.  S.  Locke,  too,  has  shown  that  an  excised  rabbit's 
heart  can  be  kept  alive  for  as  many  as  seven  hours  by  suppljnng 
it  with  oxygenated  Einger's  fluid  to  which  a  small  quantity  of 
dextrose  has  been  added. 

In  acute  febrile  diseases  the  heart  invariably  suffers ;  in  some 
cases  the  mere  rise  of  temperature  seems  to  act  alone,  but  in  the 
majority,  e.g.  diphtheria  and  septic  diseases,  the  injurious  sub- 
stance is  apparently  a  bacterial  toxin  which  is  circulating  in  the 
blood.    Roger  isolated  from  cultures  of  B.  septicus  j^uti'idtis  a. 
toxin  which,  in  the  frog,  slows  the  heart,  increases  the  length  of 
systole,  and  finally  causes  standstill  in  diastole  like  muscarin  ;. 
while  poisoned,  the  heart  cannot  be  stopped  by  excitation  of  the. 
vagus,  nor  does  it  react  to  direct  faradic  stimulation  of  the  heart, 
muscle.    In  diphtheria,  Samschin  found  that  the  heart  muscle^ 
undergoes  fatty  and  hyaline  degeneration,  patches  of  which  are 
localised  especially  in  the  neighbourhood  of  the  blood-vessels  ;  in 
acute  cases  the  intima  and  media  of  the  small  arteries  are  seen  to- 
be  fatty.    Scagliosi  confirmed  Samschin  so  far  as  concerns  the 
parenchymatous  and  the  vascular  changes,  and  observed  marked 
degenerative  changes  in  the  nerve  cells  in  addition.    In  acute 
endocarditis  generally  Kusnezow  found  that  the  cardiac  ganglia, 
are  in  a  condition  of  inflammatory  granulation,  that  proliferation 
of  the  capsular  endothehal  cells  occurs,  and  that  the  ganglion 
cells  themselves  are  disorganised,  being  the  seats   of  cloudy 
swelling  and  of  fatty  and  pigmentary  degenerations.  Bianchini 
examined  the  question  of  the  cardiac  ganglia  experimentally  in 
animals  using  virulent  cultures  of  Bta2)liylococcus  injogenes  aureus 
and  B.  tijphosus,  and  diphtheria  toxin,  and  generally  confirmed 
and  extended  the  work  of  previous  observers.    He  found  that- 
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the  changes  are  non-specific,  that  some  of  the  elements  of  a 
ganglion  or  even  entire  ganglionic  groups  may  escape  or  be  but 
slightly  affected,  though  others  immediately  adjacent  are  pro- 
foundly changed,  and  that  somewhat  similar  changes  are  produced 
as  the  result  of  section  of  the  vagi.  Evidence  is  therefore  not 
wanting  that  the  condition  of  the  myocardium  is  dependent  upon 
the  composition  of  the  blood. 

Bat  the  nutrition  of  the  heart  muscle  not  only  suffers  from 
modifications  in  the  quality  of  the  blood  which  it  receives,  it  may 
also  be  affected  by  modifications  in  the  quantity.  In  this  con- 
nection must  be  considered  pathological  changes  of  the  coronary 
arteries  and  angina  pectoris. 

Angina  Pectoris. — It  is  an  accepted  fact  that  angina  pectoris 
is  very  frequently  associated  with  atheromatous  degeneration  of 
the  coronary  arteries  or  of  the  aorta  immediately  about  the 
orifices  of  these  arteries.  Now  such  a  condition  is  an  obstruction 
to  the  supply  of  a  due  amount  of  blood  to  the  myocardium,  and 
since,  in  cases  of  angina  pectoris,  the  heart  after  death  is  found 
fatty,  flabby,  dilated  and  in  diastole,  there  is  reason  to  believe 
that  the  disease  depends  upon  a  mal-nutrition,  such  as  the 
atheromatous  condition  of  the  arteries  could  produce.  Angina 
pectoris  is  a  disease  which,  in  addition  to  causing  paroxysms  of 
extreme  agony  in  the  prtBcordial  regions,  is  not  infrequently  a 
cause  of  sudden  death.  The  following  case  related  by  QEstreich 
is  very  instructive.  An  officer,  aged  32,  apparently  in  perfect 
health,  died  suddenly  after  coitus,  and  at  the  autopsy  the  following 
condition  was  found.  The  heart  was  as  large  as  the  clenched 
fist,  flabby,  and  both  ventricles  were  filled  with  fluid  blood  and  in 
diastole.  The  heart  muscle  was  greyish-red,  friable,  and  micro- 
scopically showed  fragmentation.  Immediately  above  the  right 
aortic  valve  a  thrombus,  with  a  thin  pedicle  and  about  the  size  of 
a  cherry-stone,  projected  from  the  wall  of  the  aorta.  The  pedicle 
and  that  portion  of  the  thrombus  which  lay  upwards  and  towards 
the  right  consisted  of  yellowish -grey  and  dryish  substance ;  below 
and  towards  the  left  it  was  dark  red  and  more  liquid.  The 
thrombus  was  slightly  movable  upon  its  pedicle,  pendulous,  and 
on  opening  the  heart  was  found  in  such  a  position  as  to  com- 
pletely cover  the  orifice  of  the  right  coronary  artery.  This  artery 
in  its  course  was  partially  filled  with  fluid  blood,  the  walls  were 
soft,  in  a  few  places  were  yellowish  spots,  but  no  calcification  was 
present.  At  the  commencement  of  the  left  coronary  artery  was  a 
yellowish-grey  embolus  about  1  cm.  in  length,  the  composition  of 
which  was  the  same  as  that  of  the  upper  portion  of  the  thrombus 
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already  described.  The  left  coronary  artery  presented  the  same 
appearances  as  the  right.  Immediately  above  the  left  aortic 
valve  the  intima  of  the  aorta  was  yellowish,  thickened,  and 
showed  several  quite  small  atheromatous  ulcers  ;  the  remainder 
of  the  aorta  was  healthy  except  for  localised  patches  of  faitty 
change  in  the  intima.  The  other  organs  were  healthy.  In  cor- 
respondence with  the  clinical  data  the  pathological  evidence  gave 
the  following  explanation  of  the  case.  There  was  a  commencing 
atheroma  of  the  aorta  in  an  apparently  healthy  man.  A  polypoid 
thrombus  had  formed  on  one  of  the  very  small  atheromatous 
ulcers,  and  this  obliterated  the  right  coronary  artery  :  a  portion 
broken  off  from  this  thrombus  during  exertion  obliterated  the  left 
coronary  artery.  Death  was  rapid  but  not  instantaneous.  In 
this  case  the  lesion  was  slight  but  sufficient ;  in  others,  amongst 
which  the  classical  case  of  John  Hunter  may  be  mentioned,  the 
whole  of  the  coronary  arteries  may  be  converted  into  rigid 
calcareous  tubes. 

It  is  comparatively  easy  to  test  the  effect  of  sudden  obstruction 
of  a  coronary  artery  upon  the  heart's  action  by  ligaturing  one  or 
more  of  the  branches  of  those  arteries  in  the  lower  animals. 
This  experiment  has  been  performed  many  times  since  v.  Bezold 
found  that  on  compressing  the  left  coronary  artery  in  the  rabbit 
the  heart  of  the  animal  quickly  ceases  to  beat.  In  the  dog, 
Cohnheim  and  Schulthess-Bechberg  observed  that  ligature  of 
any  large  branch  of  either  right  or  left  coronary  artery  '  has  at 
first  no  effect  whatever  upon  the  rhythm  or  vigour  of  cardiac 
contraction  nor  consequently  upon  the  blood-pressure ;  but  after 
the  lapse  of  ninety  seconds  on  an  average  the  heart-beats  begin,  to 
be  somewhat  irregular  and  infrequent,  yet  still  without  affecting 
the  blood-pressure,  till  suddenly  and  at  the  same  instant  both 
chambers  stop  in  diastole.  From  this  standstill,  which  occurs -on 
an  average  not  later  than  two  minutes  after  occlusion  of  the 
branch  artery,  there  are  no  means  of  arousing  the  ventricles  to 
new  life  and  renewed  contraction  ;  it  seems  as  if  a  deadly  poison 
had  for  ever  destroyed  the  heart's  excitability.  Accordingly,  it  is 
in  all  probability  the  system  of  ganglia  which  is  affected  in  this 
direct  fashion.'  ' 

Though  certain  minor  differences  obtain  between  the  results 
of  different  investigators,  and  though  v.  Frey  maintains  that 
stoppage  of  the  heart  is  not  a  necessary  result  of  closure  of  a  large 
branch  of  the  coronary  arteries  and  that  similar  results  may.  be 
brought  about  by  numerous  other  interferences  with  the  heart,  so 
'  Cohnheim's  Lectures  on  General  Pathohgij,  Eng.  trans,  vol.  i.  p.  35. 
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thcat  stoppage  of  the  heart,  when  it  occurs  in  the  experiment  under 
discussion,  is  probably  also  dependent  upon  secondary  injuries,  yet 
Michaelis  (1894)  and  Townsend  Porter  (1894),  on  a  careful  repeti- 
tion of  Cohnheim  and  Eechberg's  work,  fully  corroborated  their 
statements. 

Comparing  (Estreich's  case  with  the  results  of  experimental 
obstruction  the  correspondence  is  seen  to  be  almost  complete, 
though  a  difference  exists  in  the  fact  that  pathological  evidence  in 
the  former  case  seems  to  point  to  the  possibiHty  of  the  existence 
of  complete  obstruction  of  the  right  coronary  artery  for  some  time 
without  fatal  results.  Whether  the  thrombus  over  the  right 
artery,  however,  which  evidently  from  its  composition  had  existed 
for  perhaps  days,  caused  complete  obstruction,  it  is  difficult  to 
say  ;  it  seems  more  probable  that  a  certain  though  diminished 
volume  of  blood  reached  the  myocardium  by  this  vessel,  and  that, 
though  the  obstruction  was  not  sufficient  to  cause  sudden  death 
as  in  experimental  obstruction,  it  was  nevertheless  sufficiently 
severe  to  bring  about  the  myocardial  degeneration  which  was 
found  at  the  autopsy.  In  any  case  the  general  correspondence  is 
so  close  that  we  are  probably  correct  in  looking  upon  angina 
pectoris  as  being  dependent  both  so  far  as  concerns  the  myocardial 
-changes  and  as  concerns  the  occurrence  of  sudden  death  upon 
obstruction  to  the  flow  of  blood  through  the  coronary  arteries. 
An  explanation  of  the  most  prominent  symptom  and  the  one  from 
which  the  disease  derives  its  name,  i.e.  the  torturing  prsecordial 
pain,  is  more  difficult,  but  if  we  bear  in  mind  that  the  heart 
during  a  paroxysm  is  dilated  and  distended  with  blood,  that 
according  to  Smirnow  there  is  immediately  beneath  the  .endo- 
cardium a  rich  network  of  afferent  nerves,  and  that  rapid  hj'per- 
distension  of  muscular  organs  with  fluid  contents  is  known  in 
other  cases  {e.g.  urinary  bladder)  to  produce  extreme  pain,  we 
may  provisionally  conclude  that  anginal  pain  is  due  to  stretching 
of  afferent  nerve-fibrils.  With  regard  to  the  ultimate  cause  of 
sudden  death  in  angina  pectoris  we  can  go  no  further  than  the 
hypothesis  which  Cohnheim  put  forward  to  explain  the  ventricular 
arrest  in  his  experiment. 

IV.  The  Patholog-y  of  Cong-enital  Malformation  of  the 
Heart.— Owing  to  the  fact  that  experimental  teratology  is  yet  in 
its  infancy  we  are  at  present  completely  ignorant  of  the  causes 
which  lead  to  imperfect  development  of  the  heart,  but  the  cHnical 
symptoms  produced  in  congenital  heart  malformation  are  in  so 
many  respects  dissimilar  from  those  of  acquired  heart  disease 
(whether  primarily  valvular  or  primarily  myocardial),  that  it  has 
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been  thought  advisable  to  deal  with  them  briefly  in  a  separate 
section. 

Congenital  malformations  may  be  divided  into  two  great 
classes  according  as  they  are  or  are  not  compatible  with  extra- 
uterine hfe.  The  latter  are  of  embryological  interest,  but  do  not 
concern  us  here.  Amongst  the  former  are  found  conditions  vary- 
ing in  degree  of  development  from  that  described  by  Wilson 
where  the  amicle  and  ventricle  were  undivided,  and  there  was  a 
single  artery  which  gave  off  a  vessel  sending  branches  to  the 
lungs  and  branches  to  the  head  and  upper  extremities,  and  where 
the  child  lived  for  seven  days,  to  conditions  in  which  an  amount 
of  stenosis  obtains  at  the  orifice  of  the  pulmonary  artery  that  is  so 
slight  as  in  nowise  to  interfere  with  the  comfort  or  longevity  of 
the  patient.  But  the  persons  who  are  regarded  as  being  the 
subjects  of  congenital  heart  disease,  and  who,  not  Yevj  infre- 
quently, live  to  adult  life,  present  lesions  which  lie  between  these 
two  extremes.  It  may  be  that  the  foramen  ovale  is  not  closed,  that 
the  inter- ventricular  septum  is  in  part  deficient,  that  the  ductus 
arteriosus  is  patent,  that  some  of  the  valves  of  the  heart  are 
abnormal,  or  that  some  other  condition  obtains.  During  life  it  is 
impossible  to  decide  which  of  these  conditions  is  present,  but  in 
any  case  the  pathological  effects  of  the  condition  are  practically 
identical  throughout.  For  congenital  heart  disease  invariably 
signifies  (a)  sluggish  circulation,  and  (b)  deficient  aeration  of  blood. 

The  venosity  of  the  blood  gives  rise  to  a  cyanosis  which  is  pro- 
nounced according  as  the  malformation  is  considerable  ;  in  some 
cases  there  is  but  a  bluish  tinge  of  the  extremities,  in  others  the 
whole  countenance  is  livid.  Owing  to  the  venous  congestion,  the 
fingers  and  toes  become  '  clubbed  '  and  the  nails  curved,  appear- 
ances that  are  very  characteristic  of  this  form  of  heart  lesion. 
The  sluggishness  of  the  circulation  combined  with  the  venosity  of 
blood  which  it  exaggerates,  accounts  for  the  chilblains,  ulcera- 
tions &c.  that  occur.  Dyspnoea  on  exertion  is  easily  explained 
by  the  natural  venosity  of  the  blood,  and  the  lack  of  power  on  the 
part  of  the  heart  to  force  the  blood  more  rapidly  through  the 
lungs.  For  the  same  reason,  bronchitis  and  other  similar 
pulmonary  affections  are  common.  The  most  notable  difference 
from  other  forms  of  heart  disease  is  that,  in  congenital  heart 
■disease,  dropsy  is  extremely  rare  ;  but  in  other  respects  it  is  clear 
that  the  symptoms  differ  only  in  degree  from  those  of  acquired 
heart  disease.  Cyanosis,  the  results  of  venous  congestion,  hypo- 
thermia are  more  marked,  and  the  effects  of  intercurrent  disorders, 
particularly  those  of  the  lungs,  are  more  severe,  but  fundamentally 
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the  pathology  of  the  two  classes  of  lesion,  as  might  be  expected,  is 
identical. 

V.  Pathological  Variations  of  Cardiac  Rhythm.— Under 
ordinary  circumstances  the  heart  contracts  about  seventy  tnnes 
per  minute,  and  the  contractions — except  for  such  modifications 
as  are  introduced  by  normal  respiration — are  equal  in  duration, 
and  follow  one  another  at  equal  intervals  of  time.  Still  within 
the  confines  of  physiological  action  the  rapidity  of  heart  beat  may 
increase  up  to  100  per  minute  or  more,  as  the  result  of  mental 
excitement  or  muscular  exertion,  or  may  diminish  to  perhaps  50 
per  minute  during  repose,  and  especially  during  sleep.  But  apart 
from  these  physiological  variations,  cardiac  action  may  be  altered 
more  or  less  profoundly  in  a  sense  that  may  fairly  be  denominated 
pathological.  Of  pathological  variations  in  cardiac  rhythm  we 
may  distinguish  two  kinds  :  firstly,  those  in  which  the  variation 
is  associated  with  some  recognisable  lesion  of  the  heart  or  of 
some  other  part,  and  secondly,  those  in  which  the  modification  of 
rhythm  is,  so  far  as  can  be  at  present  recognised,  the  substantive 
disease.  This  latter  class  comprises  the  so-called  '  functional  ' 
diseases  of  the  heart,  a  term  useful  enough  so  long  as  it  does  not 
blind  us  to  the  fact  that  the  cause  of  the  variation  in  cardiac 
action  is  only  unknown,  not  non-existent  nor  even  unknowable. 

■Cardiac  rhythm  may  be  modified  in  four  ways  :  1,  the  rate  of 
beat  may  vary ;  2,  the  strength  of  beat  may  vary  ;  3,  the  length  of 
diastole  may  vary ;  4,  the  normal  synchronous  action  of  the  two 
ventricles  may  (perhaps)  give  way  to  asynchronism.  In  many 
cases  two  or  more  of  these  variations  may  co-exist;  thus,  in 
ordinary  febrile  states  not  only  is  the  heart's  action  more  rapid 
than  normal,  but  also  the  strength  of  the  individual  beat  is 
diminished,  and  diastole  is  shortened.  Such  a  condition  differs 
from  a  physiological  increase  of  rapidity  in  the  fact  that  in  fever 
the  strength  of  individual  beats,  as  represented  by  the  duration 
of  ■  systoHc  contraction,  is  diminished,  whereas  physiological  in- 
crease of  rapidity  is  almost,  if  not  entirely,  dependent  upon  a 
diminution  in  the  length  of  diastolic  pause. 

TacMjcardia.—ln^re&se  in  rate  of  cardiac  rhythm  is  relatively 
simple,  and  occurs  under  the  name  of  palpitation  or  tachycardia 
in  a  variety  of  diseases,  the  greater  number  of  which  are 
functional.  The  palpitation  of  dyspepsia  (to  take  a  specific 
example)  we  may  probably  regard  as  being  brought  about  in 
the  following  way.  It  is  known  that  afferent  impulses  brought 
to  bear  upon  a  nerve  centre  which  is  in  the  act  of  dischargmg 
efferent  impulses,  inhibit  the  action  of  that  centre.    In  dyspepsia. 
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afferent  impulses  passing  from  the  stomach  by  the  gastric 
branches  of  the  vagus  up  to  the  centre  in  the  medulla  oblongata, 
find  the  cardio-inhibitorj'-  portion  of  that  centre  in  the  act  of 
discharging  tonic  efferent  impulses  to  the  heart ;  the  discharge  of 
these  efferent  impulses  is  therefore  inhibited,  and  the  result  on 
the  heart's  action  is  the  same  as  when  inhibition  is  brought 
about  in  the  normal  manner  and  heart  action  is  quickened  by 
impulses  passing  along  the  accelerator  nerves.  Most  of  the 
varieties  of  tachycardia  probably  in  the  same  way  depend  upon 
inhibition  of  the  tonic  action  of  the  cardio-inhibitory  centre, 
though  the  nerves  whereby  the  afferent  impulses  are  conveyed  to 
the  medulla  must  be  very  numerous  and  different,  judging  from 
the  analogy  of  physiological  increase  in  rapidity  of  heart  beat. 
So  far  as  the  tachycardia  that  constitutes  a  chief  symptom  of 
exophthalmic  goitre  or  G-raves's  disease  is  concerned,  its  patho- 
logy is  quite  unknown  ;  though  the  subject  will  be  left  for  later 
treatment,  it  may  be  mentioned  here  that  one  view  is  that 
degenerative  changes  in  the  cervical  sympathetic  ganglia  act  as 
stimuli  to  the  accelerator  nerves.  In  yet  two  other  conditions 
tachycardia  is  occasionally  a  prominent  symptom,  viz.  as  a  sequel 
to  influenza  and  to  diphtheria.  It  is  probable  that  here  we  have 
a  clue  to  the  explanation  of  many  forms  of  tachycardia,  and  that 
they  depend  upon  some  toxic  action  upon  the  local  nerve 
centres  of  the  heart.  Poisons  {e.g.  aconite)  are  known  which 
produce  acceleration  of  the  heart,  and  we  have  already  seen  that 
there  is  plentiful  evidence  that  intoxicative  diseases  produce 
changes  in  the  endocardiac  ganglia. 

Bradycardia,  in  which  the  rate  of  heart's  beat  is  diminished 
and  in  which  length  of  diastole  and  .strength  of  beat  are  in- 
creased, is  a  much  rarer  variation  of  rhythm  than  tachycardia  ; 
in  some  individuals  bradyca.rdia  is  normal.  Like  tachycardia  it 
may  be  due  to  the  action  of  poisons  {e.g.  digitalis).  Bile-salts 
also  produce  bradycardia,  and  their  circulation  in  the  blood  ex- 
plains why  in  certain  forms  of  jaundice  the  pulse-rate  is  reduced 
to'  50,  40,  or  even  20  per  minute.  Some  other  forms  of  brady- 
cardia, as  will  be  seen  later,  are  really  cases  of  alternating  heart 
beat.  ■  I 

Intermittence  is  a  pathological  condition  of  cardiac  rhythm 
of  but  little  clinical  significance  if  it  alone  be  present ;  in  many 
cases  the  intermittence  of  a  beat  every  now  and  then  might 
almost  be  regarded  as  normal,  while  an  extra  cigar  or  glass  of 
port  wine  is  frequently  sufficient  to  bring  it  about.  Sometimes 
the  intermittence  is  regular,  i.e.  the  number  of  regular  beats 
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•between  two  dropped  beats  is  the  same,  sometimes  it  is  irregular. 
As  a  rule,  the  beat  which  follows  a  dropped  beat  is  stronger  than 
its  fellows,  and  in  this  way  compensation  is  made  for  the  inter- 
mission. The  reason  of  this,  no  doubt,  is  that  the  ventricle  after 
an  intermission  is  fuller  of  blood  than  usual,  and  a  portion  of  the 
reserve  force  of  the  heart  is  called  upon  to  empty  it.  Concerning 
the  cause  of  intermittence  itself  no  satisfactory  explanation  can 
be  given. 

In  some  cases  ventricular  systole  is  alternately  strong  and 
weak,  the  diastolic  pause  between  any  pair  of  beats  being,  how- 
ever, always  the  same ;  or  a  weak  systole  may  follow  rapidly  on 
a  strong  beat  and  before  the  next  strong  systole  a  long  diastole 
may  intervene.  It  is  evident  that  if  such  a  heart  be  contracting 
at  the  rate  of  70  per  minute,  and  the  weak  beats  be  so  far 
weakened  as  to  become  imperceptible  to  ear  or  touch,  the  recog- 
nisable rate  of  heart  beat  will  be  35  per  minute,  and  apparently 
bradycardia  will  exist.  This  is  not  really  the  case,  however,  as 
the  weakened  beats  may  be  rendered  recognisable  by  causing  the 
patient  to  undergo  slight  muscular  exertion,  when  70  contrac- 
tions per  minute  will  again  be  present  or  perhaps  80  or  more, 
•and  the  alternating  character  of  the  rhythm  will  show  itself. 
In  true  bradycardia  with  an  initial  rate  of  35  beats  per  minute, 
■such  exertions  would  only  lead  to  a  rate  of  perhaps  45  beats  per 
minute,  and  alternation  would  be  completely  absent. 

IrregidaHtij.—So  far  we  have  been  considering  variations  of 
rhythm  in  which  regularity  is  dominant ;  there  is  another  class 
of  case  in  which  the  heart's  action  is  completely  irregular ;  beats 
follow  one  another  at  irregular  intervals  and  are  of  irregular 
strength,  intermittence  occurs,  but  it  too  is  irregular.  This 
form  of  variation  is  of  much  greater  importance  than  those  we 
have  hitherto  discussed,  and  is  frequently,  if  not  invariably, 
associated  with  some  organic  disease  of  the  heart  itself.  The 
cause  of  the  condition  is  uncertain,  though  it  must  assuredly  be 
dependent  upon  perverted  nerve  action,  but  whether  of  the  intrinsic 
or  of  the  extrinsic  nervous  elements  of  the  heart  or  of  both  it 
is  hard  to  say  ;  it  seems  probable  that  the  intrinsic  nerve  elements 
must  play  an  important  part  in  view  of  the  changes  that  have 
been  observed  in  the  cardiac  ganglia  in  endocarditis. 

Roy  and  Adami  suggested  that  one  cause  of  irregularity  is  the 
interposition  of  idio-ventricular  beats  such  as  those  which  are 
seen  when  the  heart  is  exposed  to  powerful  vagus  action.  Since 
irregularity  of  cardiac  rhythm  becomes  most  evident  when  the 
heart  begins  to  fail,  a  time  at  which  increased  demands  are  being 
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made  on  the  heart,  and  therefore  at  which  it  is  more  than 
probable  that  vagus  action  is  increased  in  order  to  protect  the 
heart,  this  suggestion  most  likely  contains  some  truth.  Fran9ois- 
Franck  considers  that  the  irregularity  of  the  heart  in  mitral  in- 
sufficiency (and  this  may  stand  as  a  type  for  all  kinds  of  irregu- 
larity in  cardiac  rhythm)  depends  upon  myocarditis  or  endo- 
carditis ;  he  found  that  he  could  produce  irregularity  at  will  by 
irritating  the  endocardium  with  a  cardiac  sound.  Moreover, 
Bodet  and  Nicolas  observed  irregularity  of  heart  action,  transient 
it  is  true,  as  the  result  of  traumatic  stimuli  (incisions,  pricks) 
of  the  myocardium.  Nevertheless,  irregularity  is  probably 
at  bottom  nervous  and  not  muscular  in  origin,  and  hence  the 
opinions  given  above  practically  amount  to  the  single  view  that 
the  discharge  of  energy  from  the  cardiac  ganglia  becomes  irregular 
under  the  influence  of  an  irritant  of  some  description  acting 
either  locally  or  from  a  distance.  Unfortunately,  such  an  ex- 
planation is  not  of  great  assistance,  indeed  it  almost  amounts  to  a 
confession  of  complete  ignorance  upon  the  point. 

Much  discussion  has  taken  place  as  to  whether  hemisystole  or 
the  contraction  of  one  ventricle  without  the  other  can  take  pla.ce. 
It  was  formerly  held  that  such  a  condition  is  possible,  and  certain 
varieties  of  intermittence  and  irregularity  were  explained  thereby. 
But  Fran9ois-Franck,  by  means  of  cardiac  tracings  taken  from 
man  and  the  dog  (the latter  intra-cardial),  has  proved  conclusively 
that  the  two  ventricles  contract  simultaneously,  and  that  aborted 
systoles  in  one  appear  in  the  other  also. 

It  has  been  held  that  the  double  sound  which  is  at  times  heard 
at  the  apex  of  the  heart  is  due  to  asynchronism  of  first  sounds 
formed  in  the  right  and  in  the  left  ventricle,  but  it  is  probable 
that  the  so-called  reduplicated  first  sound  is  indicative  of  some 
valvular— probably  mitral— incompetence  arid  is  of  the  nature  of 
a  murmur,  especially  as  other  signs  of  mitral  incompetence  are 
usually  present  when  such  reduplication  of  the  first  sound  is 
heard.  There  is  no  doubt,  however,  that  reduplication  of  the 
second  sound  occurs,  for  not  only  is  it  distinctly  audible,  but  also 
it  is  clearly  possible  that  the  pulmonary  or  the  aortic  tension  may 
become  so  increased,  that  closure  of  the  semilunar  valves  on  that 
side  on  which  the  tension  is  increased  takes  place  earlier  after  all 
the  blood  ejected  in  systole  has  left  the  ventricle,  than  it  does  on 
that  side  on  which  the  tension  is  normal  or  perhaps  even  dimi- 
nished. This  is  probably  the  only  form  in  which  asynchronism 
occurs,  at  all  events  in  higher  animals.  That  the  ventricles  are 
essentially  independent  we  know  from  physiology,  but  whether 
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they  ever  act  independently,  except  when  artificially  separated,  is 
another  and  a  much  more  doubtful  question. 

Note— The  following  svimmary  account  of  the  nervous  regulation  of 
the  heart  may  be  of  use  :  The  heart  is  controlled  by  nerve  fibres  which 
travel  from  the  bulb  in  the  trunk  of  the  vagus,  and  by  nerve  fibres 
which  reach  the  heart  from  the  dorsal-spinal  cord,  having  passed 
through  the  sympathetic  chain.  Those  fibres  which  reach  the  heart  by 
the  vagus  are  connected  centrally  with  the  cardio-inhibitory  centre,  are 
tonic  and  inhibitory  in  action,  and  influence  the  heart  through  the 
cardiac  gangha.  Those  nerves  which,  coming  off  from  the  dorsal-spinal 
cord,  are  connected  with  cells  in  the  stellate  ganghon,  from  the  results 
of  their  action  are  known  as  augmentor  or  accelerator  nerves ;  they  do 
not  act  directly  upon  the  heart,  but  indirectly  by  inhibition  of  the  vagus, 
and,  so  far  as  is  known,  are  not  connected  with  the  cardiac  ganglia.  In 
addition  to  the  above,  afferent  impulses,  starting  probably  in  the  sub- 
endocardial and  sub-pericardial  regions,  are  able  to  leave  the  heart ;  the 
path  whereby  they  travel  is,  in  the  main,  the  depressor  nerve  of  the 
rabbit  or  its  representative  in  other  mammals,  and  it  is  possible  that 
afferent  impulses  may  also  travel  up  by  way  of  the  vagus ;  in  either 
case  these  afferent  impulses  are  conveyed  up  to  the  vaso-motor  centre, 
and  through  it  influence  particularly  the  vessels  in  the  splanchnic  area. 
Besides  the  nerves  mentioned,  the  heart  possesses  in  some  degree  the 
power  of  automatic  action.  So  far  as  function  is  concerned  it  may  be 
said  that  the  vagus  protects  the  heart  at  the  expense  of  the  body,  the 
accelerator  nerves  waste  the  heart  for  the  advantage  of  the  body ;  while 
the  cardiac  ganglia,  besides  modifying,  in  all  probability,  the  impulses 
they  receive  through  the  vagus,  appear  to  liave  also  the  power  of  main- 
taining the  circulation,  in  spite  of  strong  vagus  opposition. 
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CHAPTER  Y 

THE  PATHOLOGY  OF  THE  CIRCULATION  {continued)— 
THE  BLOOD-VESSELS 

Synoims. 

I.  General  Considerations. 

II.  The    Effects    of  Pathologico-ana- 

tomical  Changes  in  the  Blood- 
vessel Wall : 

(i)  On   the   Elasticity   of  the 

Vessel. 

(ii)  On    the    Calibre    of  the 

Vessel. 

III.  The  Effects  of  Diminished  Elas- 

ticity of  thn  Vessel  Wall : 

(i)  On  the  Vascular  System  : 

(a)  When  Rigidity  of  the 
Vessel  is  increased. 

I.  General  Considerations.— Although  the  actual  changes  that, 
affect  the  blood-vessels  are  relatively  few  in  number,  the  almost 
universal  distribution  of  these  vessels  through  the  body  renders 
morbid  changes  in  them  of  the  grea.test  importance.  The  elasti- 
city of  arteries  or  of  veins  may  be  diminished,  their  calibre  may 
be  increased  or  diminished,  they  may  suffer  solution  of  continuity,, 
and  we  have  to  consider  the  effects  of  such  changes  upon  (a)  the 
blood-vessel  at  the  seat  of  change,  (b)  other  blood-vessels,  (c)  the 
heart,  {d)  the  tissues.  The  means  whereby  the  vascular  changes, 
may  be  induced  are  numerous  ;  thus  diminution  in  calibre 
of  an  artery  may  depend  upon  anatomical  or  upon  nervous  causes, 
upon  obstruction  from  within,  or  upon  pressure  from  without,, 
while  many  of  these  causes  might  be  further  subdivided.  The 
same  is  true  for  the  other  changes.  Moreover,  one  and  the  same 
process  does  not  always  lead  to  the  same  result ;  this  will  clearly 
be  recognised  when  considering  the  effects  of  emboHsm  or  of 
atheroma. 


(i)  On  the  Vascular  System  : 

(6)  When  Rigidity  of  the 
Vessel  is  diminished- 
Aneurysm. 

(ii)  Upon  the  Liability  of  Blood- 

vessels to  Rupture. 
IV.  The  Effects  of  Local  Diminutions- 
of  Arterial  Calibre  (Ischsemia). 
Embolism.     Thrombosis.  In- 
farct.   Ergotism,   Pellagra,  and 
Raynaud's  Disease.  Temporary 
Ischfemia. 
V.  Local  Congestion. 
VI.  Effects  of.  Hsemorrhage. 
VII.  Venous  Pulsation. 
VIII.  Capillary  Pulsation. 
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II.  The  Effects  of  Patholog-ico-anatomical  Chang-es  in  the 
Blood-vessel  Wall.— (i)   On  the  Elasticity  of  the  Vessel.— 

Since  atheroma  is  the  commonest  pathological  change  under- 
gone by  arteries,  being  present  to  some  degree  in  most  persons 
above  the  age  of  forty  years,  changes  in  elasticity  of  arteries 
may  very  naturally  be  associated  with  atheroma.  But  a 
moment's  reflection  affords  reasons  for  believing  that  atheroma 
and  loss  of  elasticity  of  the  arterial  wall  stand  to  one  another 
in  the  relation  of  cause  and  effect.  When  we  consider  that  in 
atheroma  of  the  aorta  the  vessel  wall  may  be  replaced  over 
areas  varying  in  diameter  from  one  to  twenty  millimetres  or 
more  by  a  fatty  and  granular  detritus,  which  is  at  times  held 
in  position  by  little  more  than  a  layer  of  endothelium  covering 
it,  and  which  often  involves  as  much  as  one-half  of  the 
thickness  of  the  aortic  wall ;  or  that  in  other  cases,  owing  to  the 
deposition  of  lime  salts  in  the  atheromatous  and  fatty  material, 
the  inner  coat  of  the  aorta  has  come  to  consist  of  a  more  or  less 
continuous  calcareous  plate  (arteritis  deformans),  we  cannot  fail 
to  conclude  that  atheroma  must  be  the  commonest  cause  of 
diminished  elasticity  of  the  aorta. 

One  of  the  most  important  works  that  have  appeared  in  this 
country  upon  the  elastic  properties  of  the  vessel  wall  is  that  by 
Eoy  in  1880.  He  pointed  out  that  animal  tissues  differ  from 
most  other  substances  in  thermo-elastic  properties  ;  they  contract 
on  being  warmed,  and  expand  on  being  cooled,  on  being  stretched 
their  temperature  rises,  and  falls  again  when  they  are  relaxed.  He 
showed  that  arteries  are  most  elastic  and  most  distensible  with 
internal  pressures  at  or  near  those  which  obtain  in  them  during 
life,  for,  in  the  case  of  the  aorta  and  large  arteries  with  which  he 
chiefly  worked,  he  found  experimentally  that  the  maximum  in- 
crease in  capacity  is  reached  with  unit  increase  of  internal 
pressure,  when  the  internal  pressure  is  about  the  mean  blood- 
pressure  of  the  animal  from  which  the  specimen  was  taken.  In 
adult  man  he  found  the  elasticity  of  the  vessels  less  than  in  the 
lower  animals,  and  showed  that  in  man  with  advancing  years 
the  elasticity  of  the  aorta  to  the  higher  pressures  diminishes 
markedly.  The  elasticity  of  arteries  is  readily  modified  by  diseases 
affecting  the  general  nutrition ;  slow  febrile  and  wasting  diseases 
may  completely  modify  the  curve  of  elasticity,  so  that  the  arteries 
are  found  after  death  from  such  diseases  relatively  wider  than 
normal,  and  most  distensible  with  pressures  immediately  above 
zero,  in  this  latter  respect  conforming  to  what  is  normal  for  the 
elasticitj'  of  veins. 
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MacWilliam,  more  recently,  .has  investigated  (chiefly)  the 
vessels  of  healthy  animals,  particularly  the  ox,  horse,  and  sheep. 
He  confirmed  Eoy's  results  in  many  respects,  but  pointed  out  that 
dilferent  results  are  obtained  according  as  the  vessel  is  in  '  post- 
mortem contraction  '  or  as  this  contraction  has  passed  off.  This 
contraction  may  persist  under  suitable  circumstances,  for  several 
days,  and  appears  to  be  a  true  contraction,  very  different  from 
rigor  mortis  of  skeletal  muscle,  and  strikingly  similar  to  that  which 
occurs  in  undoubtedly  living  bladder  muscle  (eat).  During  its 
continuance  the  elasticity  of  the  arterial  and  venous  walls  s-hows 
clearly  that  maximal  distensibility  at  or  about  the  -normal  blood- 
pressure  which  Eoy  indicated,  but  when  relaxed  maximal  dis- 
tension occurs  with  the  first  addition  of  distending  force.  Her- 
ringham  and  Wills,  as  the  result  of  experiments,  to  be  published 
shortly,  on  the  aorta  of  man,  find  that  the  extensibility  diminishes 
progressively  with  age,  but  that  there  is  a  relatively  enormous 
diminution  between  the  ages  40-49,  or  rather  later  in  the  case  of 
women.  They  find  also  that  the  size  of  the  heart  shows  little  or 
no  relation  to  the  extensibility  of  the  aorta. 

It  is  hardly  necessary  to  point  out  that  hyper-distension  long 
kept  up  and  inflammatory  processes,  by  altering  the  constitution 
of  the  vessel  walls,  impair  their  elasticity,  nor  that,  owing  to  the 
superiority  of  arterial  over  venous  blood-pressure,  loss  of  elasticity 
is  of  greater  importance  in  the  arteries  than  in  the  veins. 

(ii)  On  the  Calibre  of  the  Blood-vessels.  —The  changes  may 
be  in  the  direction  of  (A)  diminution,  or  (B)  increase,  and  may  be 
either  general  or  local. 

A.  Diminution  in  Calibre. — In  the  case  of  arteries  the  chief 
causes  of  diminished  calibre  are  atheroma,  arterio-sclerosis,  endar- 
teritis obliterans.  In  the  aorta,  atheroma  rarely  leads  to  narrowing 
or  stenosis,  unless  it  involve  the  aortic  semilunar  valves,  but  if 
the  degenerative  process  be  very  widely  distributed  in  the  body, 
smaller  arteries,  such  as  the  radial,  may  become  affected.  In  such 
cases  the  condition  is  not  infrequently  complicated  by  a  deposi- 
tion of  calcium  salts  in  the  atheromatous  patches,  and  the  walls 
of  the  arteries  then  become  converted  into  rigid  calcareous  tubes. 
Not  only  in  these  cases  is  the  elasticity  of  the  affected  vessels 
abolished,  but  also  the  calcareous  deposit  encroaches  upon  the 
lumen  of  the  tube  to  such  an  extent  that  at  times  it  becomes 
well-nigh  impervious.  A  similar  narrowing  of  the  lumen  of  the 
smaller  arteries  occurs  in  arterio-sclerosis,  but  though  great  it  is 
not  commonly  so  excessive  as  that  which  is  found  in  atheroma. 
In  arterio-sclerosis,  too,  the  arterial  wall,  though  thickened  and 
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fibpotic,  has  not  entirely  lost  its  elasticity ;  indeed,  according  to 
Jores,  there  generally  occurs  a  new  formation  of  elastic  fibres  in 
the  intima  and  media.  Hence  the  effects  produced  upon  other 
parts  of  the  circulatory  system  are  correspondingly  different.  An 
artery  which  is  the  seat  of  arterio-sclerosis  may  later  become 
affected  by  atheroma.  Both  atheroma  and  arterio-sclerosis  are 
more  or  less  general  processes  affecting  large  portions  of  the 
arterial  system,  and  the  diminution  in  calibre  to  which  they  lead 
differs  in  character  and  in  effects  from  that  which  is  due  to  exter- 
nal pressure  exerted  by  a  ligature  or  a  tumour,  and  in  which  the  ■ 
diminution  in  calibre  of  the  vessel  is  purely  local 

Diminution  in  calibre  of  veins  is  not  important  in  itself,  but 
becomes  so  in  view  of  the  fact  that,  if  extensive,  it  may  cause ' 
dilatation  of  the  veins  and  congestion  of  the  capillaries  behind 
it,  by  opposing  an  obstacle  to  the  onflow  of  the  blood.  It  is 
generally  dependent  upon  thrombosis  Or  upon  the  pressure  of  a 
tumour. 

B.  Increase  in  Calibre. — In  the  case  of  arteries  this  fre- 
quently goes  hand  in  hand  with  an  impairment  of  elasticity 
induced  by  one  or  other  of  the  causes  that  have  been  mentioned. 
When  the  elasticity  of  a  vessel  has  become  impaired,  this  impair- 
ment may  be  general  or  local,  and  therefore  any  dilatation  of  a 
vessel  due  to  loss  of  elasticity  may  be  either  general  or  local  also. 
Since  atheroma  is  one  of  the  chief  causes  of  diminution  in  elas- 
ticity, it  is  also  the  great  cause  of  local  and  general  dilatations  of 
arteries  (aneurysm). 

The  small  arteries  may  become  dilated  owing  to  the  removal 
of  the  tonic  vaso-constricting  impulses  which  they  receive  from 
the  medulla  obloilgata ;  this  may  take  place  in  the  ordinary 
physiological  manner,  or  may  be  due  to  some  pathological 
lesion,  of  whatever  kind,  affecting  spinal  cord  or  nerves  in 
those  portions  of  their  tracts  which  normally  conduct  vaso- 
motor impulses.  This  variety  of  dilatation  will  be  considered 
along  with  congestion. 

In  the  veins,  dilatation  occurs  principally  as  the  result  of 
obstruction  to  the  flow  of  blood  towards  the  heart.  If  the  obstruc- 
tion be  great,  the  veins  are  kept  in  a  chronic  condition  of  hyper- 
distension,  owing  to  the  increase  of  venous  blood-pressure  within 
them,  and  gradually  losing  their  elasticiby,  they  become  more  and 
more  dilated  as  time  goes  on.  Here  again  the  condition  may  be 
localised,  as  in  the  case  of  a  varicose  saphena  vein,  or  may  be 
general,  as  in  cases  where  the  obstruction  depends  upon  some 
central  lesion  such  as  valvular  disease  of  the  heart. 
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III.  The  Effects  of  Diminished  Elasticity  of  the  Vessel 
Wall.  — (i)  Upon  the  Vascular  System. — Since  diminution  in 
elasticity  of  the  vessel  wall  is  of  its  greatest  importance  in  the 
arteries,  we  shall  refer  almost  entirely  to  those  vessels  in  the  fol- 
lowing paragraphs.  Fm^ther,  the  effects  of  such  diminution  in 
elasticity  differ  widely  according  to  whether  the  rigidity  of  the 
vessel  is  at  the  same  time  (a)  increased,  or  (b)  diminished.  That 
the  rigidity  may  be  altered  in  either  of  these  two  directions  is 
easily  seen  in  the  case  of  atheroma  of  the  aorta.  Where  the 
atheromatous  change  alone  has  occurred  with  the  formation  of 
an  atheromatous  ulcer,  the  rigidity  of  the  aortic  wall  is  dimi- 
nished, because  a  portion  of  the  thickness  of  the  wall  has  been 
destroyed ;  on  the  other  hand,  where  the  atheromatous  change 
has  been  accompanied  by  calcification,  the  rigidity  of  the  aortic 
wall  is  increased,  because  a  plate  of  calcareous  material  is  more 
rigid  than  the  elastic  tissue  which  it  replaces. 

(a)  Bigidity  is  Increased. — When  the  rigidity  of  an  arterial 
wall  is  increased  it  opposes  a  greater  resistance  to  distension  by 
the  systolic  increase  of  the  blood-pressure  than  before,  and  the 
increase  of  resistance  may  either  be  sufficienily  small  for  disten- 
sion to  be  brought  about  by  an  increased  force  of  contraction  on 
the  part  of  the  left  ventricle,  or  it  may  be  so  great  that  even  the 
most  forcible  systole  of  the  left  ventricle  is  totally  unable  to 
produce  any  distension  at  all.  As  an  example  of  the  former  class 
of  case  we  have  the  fibrotic  condition  of  arterioles  described  by 
Gull  and  Sutton,  and  known  as  arterio-sclerosis.  As  examples  of 
the  latter  class  are  those  cases  in  which  extensive  calcification  of 
arteries  occurs,  whether  that  calcification  be  mainly  confined  to 
the  aorta  or  involve  vessels  down  to  and  including  those  of  no 
greater  diameter  than  the  radial. 

The  effects  that  are  produced  upon  the  heart  under  these 
different  circumstances  are  widely  dissimilar.  It  is  a  fundamental 
law  of  pathology  and  physiology,  that  if  a  healthy  muscle  is  inter- 
mittently called  upon  to  contract  against  an  increased  resistance 
.which  it  can  overcome,  it  hypertrophies,  and  thus  in  arterio-sclerosis 
the  left  ventricle  hypertrophies.  Moreover,  since  it  is  one  of  the 
inherent  properties  of  fibrous  tissue  to  contract,  the  lumiua  of  the 
arterioles  become  more  and  more  narrowed  and  lead  to  more  and 
more  hypertrophy  of  the  left  ventricle.  So  far  as  the  blood- 
pressure  is  concerned,  since  peripheral  resistance  is  increased,  and 
the  output  of  the  heart  is  increased,  the  blood-pressure  rises.  It 
is  unnecessary  to  go  further  into  the  pathology  of  the  heart 
^changes  in  arterio-sclerosis,  since  they  are  in  every  essential  the 
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•same  as  those  which  we  have  fully  discussed  when  dealing  with 
aortic  stenosis;  the  only  difference  is  that  in  the  one  case  the 
increased  resistance  is  interposed  at  the  proximal  end  of  the 
arterial  system,  in  the  other  it  is  interposed  at  the  distal  end. 
Although  it  is  not  certain  that  this  is  the  entire  explanation  of 
the  hypertrophy  of  the  left  ventricle  that  occurs  along  with 
arterio-sclerosis,  there  can  be  no  doubt  that  it  is  theoretically 
sufficient  and  practically  of  fundamental  importance. 

"When  calcification  of  the  arteries  occurs  the  heart  is  affected 
very  differently.     If  the  calcareous  change  be  confined  to  the 
aorta,  though  it  interposes  a  resistance  to  the  emptying  of  the  left 
ventricle  because  the  aorta  fails  to  expand  during  ventricular 
systole,  and  therefore,  one  would  imagine,  should  lead  to  hyper- 
trophy of  the  ventricle,  this  change  does  not  take  place.  The 
reason  of  this  lies  in  the  fact  that  the  resistance  to  opening  of  the 
aortic  valves  is  a  compound  of  two  factors,  elasticity  of  the  aorta 
and  the  periphera,l  resistance  in  the  small  arteries.    If  compensa- 
tory changes  can  take  place  in  the  peripheral  resistance,  the  effect 
of  rigidity  of  the  aortic  wall  (so  far  as  it  does  not  lead  to  stenosis 
of  the  aorta)  is  minimised,  and  the  only  effect  on  the  circulation 
is  that  the  blood-current  and  the  pulse- wave  pass  with  a  greater 
velocity  through  the  rigid  portion  of  the  system,  and  first  distend 
the  arteries  at  a  more  distal  point  than  usual.    The  heart,  there- 
fore, in  these  cases  is  not  hypertrophied.    Indeed,  since  athero- 
matous and  calcareous  changes  are  essentially  associated  with  old 
age,  in  which  the  nutrition  of  the  myocardium  is  impaired,  such 
an  aorta  is  found  associated  with  a  flabby  and  somewhat  dilated 
heart,  and  the  blood-pressure  is  lower  than  normal.    If  the  cal- 
•  careous  change,  besides  affecting  the  aorta,  affects  many  of  the 
smaller  arteries  of  the  body,  it  interposes  a  resistance  to  the 
ventricular  systole  which,  unlike  that  produced  by  arterio-sclerosis, 
cannot  be  overcome  by  increased  force  of  heart's  beat.    Hence  in 
this  case  also,  the  left  ventricle  does  not  hypertrophy,  but  on  the 
other  hand  dilates  considerablj^  and  its  walls  become  thinner  than 
normal. 

In  all  cases  in  which  elasticity  of  the  arteries  is  diminished 
and  rigidity  is  increased,  the  vessels  become  elongated  and  tortu- 
ous, while  of  course  they  also  become  firmer  to  the  touch.  So 
far  as  the  pulse-wave  is  concerned,  if  the  artery  is  completely 
calcareous  no  pulse-wave  can  be  felt  at  all ;  if,  on  the  other  hand, 
the  vessel  wall  is  fibrotic,  the  pulse-wave,  partly  owing  to  the 
rigidity  of  the  walls,  and  partly  owing  to  the  small  stream  of  blood 
which  flows  through  the  narrowed  vessels,  though  perceptible. 
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is  not  able  to  raise  the  arterial  wall  to  so  great  an  extent  as 
normal.  Eigidity  of  the  wall  itself,  too,  renders  the  compression 
of  the  artery  by  the  finger  and  the  obliteration  of  the  pulse- wave 
more  difficult.  Hence,  clinically,  the  pulse  in  cases  of  arterio- 
sclerosis is  described  as  small,  hard,  and  tense,  while  in  cases 
of  atheroma  with  calcification,  the  pulse,  if  present,  is  weak,  and 
in  advanced  cases  may  be  imperceptible. 

(b)  Eigidity  is  Diminished.    Aneurysm. — When  the  rigidity 
of  the  vessel  wall  is  diminished  as  well  as  its  elasticity,  the 
distensibility  of  the  wall  is  increased.    Here,  again,  the  most 
important  effects  are  seen  in  the  case  of  the  arteries.    The  in- 
crease in  distensibility  of  the  artery  may  be  general  or  local.  In 
either  case,  if  the  dilatation  exceeds  a  certain  very  small  amount, 
an  aneurysm  results.    The  mode  of  formation  of  a  fusiform 
aneurysm,  which  is  after  all  but  a  general  dilatation  of  some 
vessel,  usually  the  aorta,  over  a  certain  portion  of  its  length,  is 
simple.    When  the  ventricular  systole  adds  to  the  transverse 
force  exerted  upon  the  vessel  wall  by  the  mean  blood-pressure, 
the  wall  expands  equally  in  all  directions  (external  support  being 
left  out  of  the  question).    If  the  wall  is  healthy,  the  elasticity  is 
sufficient  to  bring  it  back  into  the  normal  position  before  the 
next  systohc  distension  takes  place ;  but  if  the  elasticity  and  the 
rigidity  of  the  vessel  wall  are  diminished,  not  only  does  the  same 
transverse  force  produce  a  greater  yielding  and  thinning  of  the, 
wall,  but  also  the  elasticity  is  insufficient  to  bring  the  wall  back 
again  into  the  normal  position  before  the  next  systolic  distension 
occurs.    Hence  a  slight  but  increasing  balance  is  left  on  the  side 
of  distension,  and  gradually  the  fusiform  aneurysm  is  formed. 
Though  thinned,  the  three  coats  of  an  artery  are  usually  present 
in  such  an  aneurysm.    Where  the  dilatation  of  the  vessel  is 
localised  to  a  more  or  less  circumscribed  spot,  a  saccular  aneurysm 
results.   The  mode  of  formation  of  a  saccular  aneurysm  is  essenti- 
ally the  same  as  that  of  a  fusiform  aneurysm,  but  the  loss  of 
elasticity  and  rigidity  which  precedes  the  formation  of  a  saccular 
aneurysm  is,  in  the  majority  of  cases,  due  to  the  actual  destruc- 
tion of  a  portion  of  the  vessel  wall  by  atheroma,  and  the  formation 
of  an  atheromatous  ulcer. 

Fabris  has  investigated  the  question  experimentally  on  dogs 
and  rabbits.  When  he  injured  the  intima  of  the  carotid  or 
femoral  artery  directly  by  a  sound  introduced  through  a  branch 
he  never  succeeded  in  obtaming  the  formation  of  an  aneurysm, 
since  repair  of  the  vessel  wall  always  occurred  with  a  new 
formation  of  elastic   tissue   and  hypertrophy  of  that  which 
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remained.  But  when  he  apphed  caustic  locally  to  the  outside  of 
the  vessel  wall  he  obtained  complete  success.  After  a  few  days 
the  vessel  dilated  locally  as  the  result  of  a  degeneration  of  the 
elastic,  fibrous,  and  muscular  tissue.  Subsequently  regenerative 
changes  supervened  with  the  formation  of  ordinary  scar  tissue. 
In  this  set  of  experiments  thrombosis  was  always  completely 
absent  or  only  very  slight. 

If  we  omit  the  question  of  rupture,  an  aneurysm,  though  it  is 
of  extreme  importance  in  other  ways,  is  unimportant  so  far  as 
the  circulation  is  concerned.  For  the  only  effect  of  the  dilatation 
is  to  increase  the  capacity  of  the  arterial  system  by  an  amount 
equal  to  the  cubic  content  of  the  aneurysm,  and  thereby  pro- 
portionately to  diminish  the  peripheral  resistance ;  to  some 
extent,  therefore,  it  must  relieve  the  left  ventricle  of  work,  and 
hence  a  pure  uncomplicated  aneurysm  is  not  associated  with 
cardiac  change.  But  since  so  few  aneurysms — at  all  events  of 
the  aorta — are  uncomplicated,  and  so  many  are  associated  with 
atheromatous  changes  about  the  aortic  valves,  which  lead  in 
particular  to  aortic  regurgitation,  it  is  generally  found  that  aortic 
aneurysm  is  associated  with  the  dilatation  and  hypertrophy  of 
the  left  ventricle  which  that  aortic  regurgitation  induces. 

Peripherally,  however,  certain  circulatory  changes  frequently 
show  themselves.  Thus,  if  an  aneurysm  involves  the  innominate 
artery,  not  only  will  marked  pulsation  occur  over  the  seat  of  the 
aneurysm,  but  also  the  pulse  at  the  right  wrist  may  be  noticed  to 
be  smaller  and  to  occur  later  than  the  pulse  at  the  corresponding 
l)oint  on  the  left  side. 

The  reason  of  these  phenomena  is  as  follows.  The  amplitude 
of  a  pulse-wave  varies  directly  as  the  diameter  of  the  vessel 
through  which  it  is  passing.  In  the  aneurysm  itself  the  diameter 
is  great  and  the  vessel  is  fairly  superficial,  hence  the  amplitude  of 
the  pulse-wave  is  great  also  and  the  wave  itself  is  easily  felt,  or 
even  seen.  But  of  the  amount  of  blood  which  enters  the  in- 
nominate artery,  the  major  portion  is  required  to  fill  the  aneurysm, 
and  the  amount  of  blood  which  reaches  the  subclavian  artery  for 
distribution  to  the  arm  is  less  than  normal.  Now,  since  the 
diameter  of  an  artery  accommodates  itself  to  the  amount  of  blood 
which  the  vessel  contains,  and  the  right  radial  artery  contains 
less  blood  than  the  left,  the  diameter  of  the  right  radial  artery  is 
less  than  that  of  the  left  radial  artery.  The  amphtude,  therefore, 
of  the  pulse-wave  at  any  given  point  in  the  right  radial  artery  is 
less  than  the  amplitude  at  the  corresponding  point  of  the  left 
radial  artery,  and  the  '  pulse '  at  the  right  wrist  is  smaller  than  it 
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is  at  the  left ;  sometimes  the  diameter  of  the  right  radial  artery 
may  be  diminished  to  so  great  an  extent,  owing  to  the  magnitude 
■of  the  aneurysm,  that  no  pulse-wave  at  all  is  perceptible  at  the 
rio-ht  wrist.  The  right  pulse  is  retarded  in  cases  of  innominate 
aneurysm,  because  the  velocity  of  the  pulse-wave  varies  inversely 
as  the  diameter  of  the  vessel  through  which  the  wave  is  passing. 
Since  the  right  subclavian,  axillary,  brachial,  and  radial  arteries, 
in  the  case  we  are  considering,  have  smaller  diameters  than  those 
vessels  on  the  left  side,  the  pulse-wave  in  these  vessels  must 
acLually  travel  with  greater  velocity  on  the  right  side  than  it  does 
on  the  left ;  if,  therefore,  the  wave  passed  corresponding  points  in 
the  two  axillary  arteries  at  the  same  moment,  the  pulse  at  the 
right  wrist  would  precede  the  pulse  at  the  left  wrist.  That  this  is 
not  the  case  depends  upon  the  fact  that  the  pulse-waves  do  not 
pass  corresponding  points  in  the  two  axillary  arteries  at  the  same 
moment.  The  diameter  of  the  aneurysmal  innominate  artery 
being  considerably  greater  than  the  diameter  of  the  healthy  left 
subclavian  artery,  the  pulse- wave  travels  more  slowly  through  the 
aneurysm  than  it  does  through  a  corresponding  length  of  the  left 
subclavian  artery.  Hence  the  pulse-wave  reaches  a  given  point 
in  the  right  axillary  artery  later  than  it  does  the  corresponding 
point  in  the  left  axillary  artery,  and  this  lateness  shows  itself  at 
the  right  wrist,  though  a  portion  of  the  delay  is  made  up  by  the 
greater  speed  with  which  the  wave  travels  down  the  narrower 
vessels  of  the  right  arm.  The  same  reasoning  apphes  in  the  case 
of  an  aneurysm  seated  on  any  artery,  and  hence  the  arterial  pulse 
on  the  distal  side  of  an  aneurysm  is  small  and  retarded. 

(ii)  Upon  Liability  of  Blood-vessels  to  Rupture.— Whether 
the  rigidity  of  the  vessel  be  increased  or  diminished,  whether 
dilatation  occur  or  not,  diminution  of  elasticity  is  accompanied  by 
an  increased  tendency  towards  rupture.  Let  us  first  of  all  sup- 
pose that  rigidity  is  increased.  Now  in  a  cyHnder  the  tearing 
stress  exerted  by  a  given  force  diminishes  as  one  proceeds  along  a 
radius  .from  the  centre.  Hence,  if  the  force  of  the  ventricular 
systole  be  constant,  the  tearing  stress  exerted  by  the  blood- 
pressure  at  the  moment  of  systole  upon  the  wall  of  the  vessel  is 
greater  when  the  radius  of  the  vessel  remains  unchanged,  i.e. 
when  the  vessel  is  rigid  as  in  calcification,  than  it  is  when  the 
radius  is  increased,  i.e.  when  the  vessel  is  distensible  as  in  health, 
^and  therefore  the  liability  to  rupture  in  the  former  case  is 
greater  than  it  is  in  the  latter.  This  statement  holds,  irrespective 
of  any  alteration  in  the  vessel  wall,  excepting  the  radius.  But 
when  it  is  added  that  in  those  cases  where  rigidity  occurs,  the 
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constitution  of  the  vessel  wall  has  been  altered  by  impairments 
of  its  nutrition,  it  is  clear  that  not  only  is  the  tearing  stress- 
exerted  by  the  blood-pressure  greater  than  normal,  but  also  the 
power  of  the  rigid  vessel  wall  to  resist  that  tearing  stress  is  less- 
than  normal. 

Where  rigidity  of  the  vessel  wall  is  diminished  and  dilatation 
occurs,  the  increased  tendency  towards  rupture  must  be  explained 
in  a  slightly  different  manner.  If  we  take  a  saccular  aneurysm 
as  an  example,  since  the  line  drawn  from  the  axis  of  the  vessel  to 
the  furthest  point  on  the  wall  of  the  aneurysm  is  greater  than 
the  radius  of  the  vessel  itself,  it  follows  that  the  tearing  stress 
exerted  by  the  blood-pressure  on  the  wall  of  the  aneurysm  must 
be  less  than  it  is  on  the  wall  of  the  vessel  from  which  the 
aneurysm  is  formed.  Now,  though  it  is  certainly  true  that  a 
saccular  aneurysm  would  be  less  likely  to  rupture  than  the  vessel 
on  which  it  is  seated,  */  the  wall  of  the  aneurysm  were  similar  in 
every  respect  to  the  wall  of  the  vessel  itself,  this  condition  does  not 
actually  obtain.  The  wall  of  a  saccular  aneurysm,  on  the  con- 
trary, as  can  be  readily  seen  from  its  mode  of  formation,  consists 
of  little  more  than  the  expanded  adventitia,  and  hence  is  thinner 
than  the  arterial  wall ;  moreover,  in  addition  to  the  thinning 
which  results  from  the  distending  force  of  the  blood-pressure 
acting  from  within,  the  aneurysmal  sac  is  in  contact  with  more 
or  less  rigid  substances  {e.g.  costal  cartilages  or  bronchus  in  the 
case  of  aneurysm  of  the  ascending  or  transverse  part  of  the  arch 
of  the  aorta),  which,  acting  from  without,  lead  to  pressure  atrophy 
of  the  wall  of  the  sac.  Even  though  the  wall  of.  the  sac  may  be 
no  thicker  than  a  sheet  of  note-paper,  the  tearing  stress  is  not 
commonly  sufficient  to  lead  to  rupture  until  the  pressure  atrophy 
has  gone  so  far  as  to  produce  an  actual  perforation  of  the  sac 
wall.  A  large  saccular  aortic  aneurysm  may  communicate 
directly  with  the  bronchus  by  a  pin-hole  opening,  and  leakage  of 
blood  into  the  bronchus  may  occur  for  days  or  even  weeks  before 
some  sudden  exertion  on  the  part  of  the  patient,  accompanied  by 
more  forcible  action  of  the  left  ventricle,  causes  rupture  of  the 
sac  and  fatal  haemorrhage. 

In  both  classes  of  case,  therefore,  the  increased  tendency  to 
rupture  which  accompanies  diminution  in  elasticity  depends  upon 
a  failure  of  correspondence  between  the  tearing  stress  exerted  by 
tbe  blood-pressure  and  the  power  which  resides  in  the  modified 
vessel  wall  to  resist  that  stress.  In  calcification  of  the  aorta  the 
rigid  vessel  gives  way,  primarily  because  the  tearing  stress  to 
which  it  is  exposed  is  greater  than  that  which  the  healthy 
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vessel  is  called  upon  to  withstand.  In  a  saccular  aneurysm 
the  tearing  stress  exerted  by  the  blood-pressure  is  actually  lower 
than  in  the  vessel  upon  which  the  aneurysm  is  seated,  and 
diminishes  with  enlargement  of  the  sac ;  but  the  wall  gives  way 
because,  thinned  by  pressure  from  within  and  without,  its  power 
of  resisting  the  tearing  stress  is  diminished  to  a  proportionately 
greater  extent.^ 

The  '  dissecting '  variety  of  aneurysm  is  especially  associated 
with  rupture,  and  differs  in  appearance  so  markedly  from  the 
varieties  already  described  that  it  must  be  mentioned  separately. 
In  this  variety,  which  almost  always  occurs  in  the  aorta,  atheroma 
causes  a  lesion  of  the  intima,  but  the  blood-pressure,  instead  of 
dilating  the  adventitia  and  forming  a  saccular  aneurysm,  or 
rupturing  the  adventitia  and  leading  to  fatal  hsemorrhage,  causes 
a  separation  of  the  layers  constituting  the  middle  coat  of  the 
artery.  The  blood,  tearing  up  the  middle  coat  perhaps  from  the 
junction  of  the  ascending  and  transverse  portions  of  the  arch 
down  to  the  bifurcation  or  even  further,  lies,  therefore,  between 
the  adventitia  and  the  intima.  That  it  takes  this  course,  instead 
of  distending  or  rupturing  the  adventitia  or  returning  through  a 
fresh  perforation  of  the  intima  into  the  lumen  of  the  vessel, 
because  it  is  the  direction  of  least  resistance,  there  can  be  no 
doubt,  but  to  anyone  who  has  attempted  artificially  to  tear  up  the 
middle  coat  of  the  healthy  aorta  in  the  same  manner,  the  force 
exerted  by  the  blood-pressure  seems  to  be  utterly  inadequate. 
This  portion  of  the  pathology  of  dissecting  aneurysm  is  a  com- 
plete mystery,  but  the  experiment  mentioned  seems  to  point  to 
the  probability  that  the  peculiar  course  taken  by  the  blood  will  be 
found  to  depend  upon  some  pathological  condition  affecting  the 
media  generally,  whereby  its  resistance  is  greatly  diminished. 
Ultimately  the  adventitia  is  ruptured  also,^  usually  at  a  point 
opposite  or  nearly  opposite  to  the  original  lesion  in  the  mtima  ; 
this  second  and  fatal  haemorrhage  may  occur  a  few  hours  after 
the  dissection  of  the  middle  coat  has  been  made  or  may  be  delayed 
for  several  months. 

IV.  The  Effects  of  Local  Diminutions  of  Arterial  Calibre 
(Ischemia).— If  the  lumen  of  an  unbranched  tube  through  which 
fluid  is  passing  from  a  reservoir  be  constricted  at  any  part  of  its 

'  These  considerations  enable  one  to  readily  explain  the  fact  that  fatal  intra- 
pericardial  hfemorrhage  in  young  adults  is  so  often  found  to  be  due  to  rupture  of  a 
small  thin-walled  aneurysm,  the  existence  of  which  had  not  been  suspected  ni  life. 

E.  Kindfleiscb  relates  a  case  in  which  healing  of  a  dissecting  aneurysm  of  the 
arch  of  the  aorta  took  place,  but  this  must  be  almost  if  not  quite  unique. 
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course,  three  results  follow :  1,  the  velocity  of  flow  in  the 
proximal  and  distal  portions  of  the  tube  diminishes ;  2,  the  pres- 
sure in  the  proximal  portion  of  the  tube  rises  ;  and  3,  the  pressure 
in  the  distal  portion  of  the  tube  falls.  Now,  in  the  case  of  an 
artery,  theoretically  the  same  results  follow  also,  but  frequently 
they  are  not  obvious.  This  may  be  because  the  amount  of 
obstruction  is  slight,  for  the  results  mentioned  above  vary 
directly  with  the  degree  of  constriction,  but  in  the  majority  of 
cases  it  depends  upon  the  facts  that  the  greater  number  of  arteries  ' 
are  branched  and  that  the  branches  of  adjacent  arteries  ana- 
stomose. There  is,  however,  a  variety  of  artery  the  branches 
of  which  do  not  form  anastomoses,  and  in  such,  complete 
obstruction  of  the  arterial  lumen  leads  to  complete  arrest  of 
blood-flow  in  the  distal  portion  of  the  artery  and  in  the  capillaries 
which  it  supplies.  Examples  of  these  '  terminal '  or  '  end  '  arteries 
are  to  be  found  in  the  central  artery  of  the  retina,  in  the  branches 
of  the  renal  and  splenic  arteries  after  they  have  entered  into  the 
respective  organs,  the  lenticulo-striate  branches  of  the  middle 
cerebral  artery,  and  perhaps  some  others. 

(i)  Effects  of  Occluding-  a  Terminal  Systemic  Artery.— 
When  a  terminal  systemic  artery  is  occluded  the  supply  of  blood 
to  the  corresponding  capillary  area  is  cut  off,  and  such  blood  as 
was  in  the  area  at  the  moment  of  occlusion  passes  into  the  vein 
by  reason  of  the  contraction  to  undistended  volume  undergone  by 
the  portion  of  the  artery  beyond  the  occlusion.  The  capillary 
area  involved  is,  from  the  nature  of  the  case,  cone-shaped,  and 
1;he  apex  of  the  cone  is  at  the  seat  of  occlusion  (infarct).  From 
this  point  the  subsequent  course  of  events  differs  somewhat 
according  to  circumstances.  Strictly  speaking,  such  a  conical 
mass  of  tissue  should  be  completely  bloodless  and  pale,  and  the 
condition  should  be  one  of  complete  local  anjemia.  This  is 
typically  the  case  when  a  lenticulo-striate  artery  is  occluded; 
moreover  the  subsequent  changes  undergone  by  the  cone  are 
bloodless  also,  for  the  mass,  deprived  of  its  nutrition,  dies,  and  the 
soft  necrotic  material  which  results  from  the  occlusion  of  such  a 
terminal  artery  in  the  brain  is  colourless  and  is  spoken  of  as 
'  white  softening.'  So,  too,  in  the  case  of  spleen  and  kidney,  and 
under  certain  circumstances  in  the  hver,  anemic  cones  of  dead 
tissue  are  produced  as  the  result  of  vascular  occlusion. 

In  the  lungs,  however,  and  in  small  infarcts  of  the  kidney, 
spleen,  and  liver,  the  conical  masses  become  filled  to  a  greater  or 
less  extent  with  blood,  take  on  a  purplish  colour,  and  are  known 
as  '  hemorrhagic  '  infarcts.    The  blood  which  fills  the  cone  and 
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distends  its  capillaries  to  such  an  extent  that  the  condition  is. 
rightly  spoken  of  as  infarction,  obviously  does  not  arrive  by  the 
usual  route,  for  the  artery  which  normally  suppHes  the  part  is- 
occluded ;  and  since  no  anastomotic  arterial  branches  exist  to 
convey  blood  by  circuitous  routes  excepting  the  universally 
anastomotic  capillaries,  it  follows  that  the  blood  comes  from  the 
neighbouring  capillaries  or  possibly  the  neighbouring  veins.  It 
arrives  there  because  a  difference  obtains  between  the  pressures  of 
blood  in  the  capillaries  of  the  cone  and  in  the  neighbouring 
capillaries,  which  are  supplied  with  blood  by  patent  arteries,  and 
it  accumulates  in  the  cone  until  the  pressure  there  is  equal  to 
the  pressure  in  the  neighbouring  capillaries.  Moreover,  since 
the  blood  is  driven  into  the  cone  from  all  sides  and  no  arterial 
force  is  present  to  urge  it  into  the  vein  which  corresponds  to  the 
occluded  artery,  it  stagnates  locally,  gives  up  its  oxygen  to  the 
starving  tissue,  and  becomes  intensely  venous.  The  tissue- 
elements  of  the  cone,  as  a  part  of  their  mal-nutrition,  lose  their 
elasticity  and  become  more  distensible,  so  that  a  hsemorrhagic 
infarct  is  fuller  of  blood  than  was  the  same  area  under  normal 
conditions,  and  projects  from  the  surface  if  a  section  be  made. 

In  the  case  of  ordinary  anaemic  infarctions  of  spleen  or  kidney 
the  central  white  mass  is  seen  to  be  surrounded  by  a  zone  of 
deep  congestion.  This  is  induced  in  the  manner  that  has  been 
described  above,  but  does  not  completely  fill  the  entire  area 
affected,  unless  it  is  very  small,  because  the  capillary  pressure  in 
the  neighbourhood  is  too  small.  It  is  probable,  however,  in 
addition,  that  the  circumferential  congestion  is  partly  of  inflam- 
matory origin. 

(ii)  Effects  of  Occluding-  an  Anastomosing-  Artery.— But  the 

majority  of  arteries  are  not  terminal,  and  the  effects  that  are 
produced  by  occlusion  of  an  artery  which  is  provided  with 
anastomotic  branches  are  different.  This  difference  of  effect, 
since  it  depends  upon  the  presence  of  anastomoses,  itself  varies 
according  to  the  number  and  size  of  the  anastomotic  branches. 
If  they  be  many  and  of  large  size,  as,  for  example,  those  umtmg 
the  branches  of  the  superior  and  inferior  mesenteric  arteries,  the 
circuitous  routes  whereby  the  blood  can  reach  any  one  part  are  so 
many,  that  occlusion  of  a  single  branch,  though  of  large  size,  is 
absolutely  without  effect  upon  the  tissues. 

If  the  anastomotic  branches  be  few  and  of  small  size,  the 
vessel  approaches  towards  the  characters  of  a  terminal  artery,, 
and  the  results  produced  by  its  occlusion  lie  somewhere  between 
the  two  extremes  of  which  we  have  already  spoken.    A  good 
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example  is  affoTd-ed  by  the  femoral  artery.  The  anastomotic 
branches  about  the  knee-joint  are  small,  and  the  amount  of 
blood  required  for  the  nutrition  of  the  leg  and  foot  is  large,  hence 
the  subsequent  fate  of  the  leg  and  foot,  after  ligature  of  the 
femoral  artery  in  Hunter's  canal,  depends  upon  the  condition  in 
which  the  anastomotic  branches  find  themselves  at  the  time  of 
ligature.  When  a  rupture  of  the  popliteal  artery  has  led  to  the 
effusion  of  a  large  amount  of  blood  in  the  popliteal  space  and  the 
formation  of  a  so-called  diffuse  traumatic  aneurysm,  the  pressure 
exerted  by  the  effused  blood  is  so  great,  that  the  anastomotic 
branches  about  the  knee  are  occluded,  and  the  femoral  artery  in 
Hunter's  canal  becomes  terminal  so  far  as  the  leg  is  concerned. 
Ligature  of  the  artery  in  that  position,  therefore,  is  certain  to  be 
followed  by  necrosis  or  gangrene  of  the  leg,  and  has  been  aban- 
doned as  treatment  for  this  kind  of  popliteal  aneurysm.  In  the 
ease  of  an  ordinary  saccular  aneurysm  of  the  popliteal  artery,  on 
the  other  hand,  the  same  operation  in  Hunter's  canal  may  be 
undertaken  with  good  hopes  of  success,  as  far  as  maintenance  of 
the  nutrition  of  the  leg  is  concerned.  For  though  the  smallness 
of  the  anastomotic  branches,  and  the  amount  of  pressure  exerted 
upon  them  by  the  saccular  aneurysm,  are  sufficient  to  cause  the 
leg  and  foot,  after  ligature  of  the  femoral  artery,  to  become 
pale  and  cold,  in  the  majority  of  cases  this  condition  is  only 
temporary.  With  establishment  of  collateral  circulation,  due 
to  enlargement  of  the  anastomotic  branches,  the  leg  and  foot 
return  to  their  normal  state.  In  a  certain  number  of  cases, 
however,  collateral  circulation  is  not  established  with  sufficient 
rapidity,  and  gangrene  of  the  whole,  or  more  commonly  a  part,  of 
the  foot  or  leg  ensues. 

The  reason  that  the  area  fed  by  an  occluded  but  anastomos- 
ing artery  is  still  supplied  with  blood  is  to  be  found  in  the 
•conditions  which  that  occlusion  brings  about.  It  has  been  stated 
above  that  occlusion  of  a  tube  through  which  a  fluid  is  passing 
from  a  reservoir  causes  a  rise  in  pressure  on  the  proximal  side. 
Nicolls  reinvestigated  experimentally  the  effect  of  ligaturing  a 
branch  of  a  main  vessel.  By  means  of  measuring  tubes  and 
an  artificial  system  Nicolls  showed  that  ligature  raises  the 
pressure  on  the  proximal  side  to  a  greater  degree  the  further  the 
ligatured  tube  is  from  the  reservoir,  and  that  the  increase  of 
pressure  shows  itself  throughout  the  system.^  But  not  only  does 
ligature  modify  the  pressure  in  the  system,  it  also  modifies  the 

'  Ifc  is  this  rise  of  pressure  which  renders  the  operation  for  aneurysm,  in  whicli  the 
artery  is  hgatured  on  the  distal  side  of  the  sac,  so  eminently  unsatisfactory. 
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velocity  of  flow,  and  in  different  directions,  according  as  the  main 
tube  in  the  neighbourhood  of  the  reservoir  or  the  nearest  branch 
above  the  obstruction  is  concerned.  In  the  main  tube  the 
velocity  of  flow  is  diminished,  but  in  the  nearest  branch  above 
the  obstruction  it  is  increased,  it  may  be  by  over  50  per  cent. 
Applying  these  results,  it  is  seen  that  in  occlusion  of  a  branch  of 
such  an  artery  as  the  superior  or  inferior  mesenteric  the  pressure 
in  the  whole  arterial  system  is  raised,  that  the  velocity  of  blood- 
flow  in  the  first  branch  above  the  seat  of  occlusion  is  enormously 
increased,  and  therefore  that  this  vessel  is  2Jar  excellence  the  one 
into  which  blood  coming  from  above  will  pass.  The  facts  that 
on  the  distal  side  of  the  occlusion  the  pressure  is  momentarily 
diminished,  and  that  the  branch  above  the  obstruction  communi- 
cates freely  with  collateral  branches  coming  off  from  the  occluded 
vessel  below  the  obstruction,  further  assist  the  maintenance  of  the 
circulation  in  the  part.  Between  the  obstruction,  however,  and 
the  first  branch  on  the  proximal  side  and  the  first  branch  on  the 
distal  side  the  blood  is  at  rest  though  under  great  pressure.  It  is 
hardly  necessary  to  remark  that  the  increase  of  mean  blood- 
pressure  caused  by  the  ligature  is  rapidly  readjusted  by  vaso-motor 
changes,  or  that  while  it  lasts  it  induces  increased  force  of  ventri- 
cular systole. 

Summanj. — The  efl'ects,  therefore,  of  complete  obstruction  of 
an  artery  upon  the  tissues  which  that  artery  supplies  are  of  four 
kinds  :  1,  if  the  collateral  circulation  is  free,  the  nutrition  of  the 
tissues  is  unaltered ;  2,  if  the  collateral  circulation  is  poor,  the 
nutrition  of  the  tissues  suffers ;  supposing  a  sufficient  collateral 
circulation  becomes  estabHshed,  the  nutrition  returns  to  normal, 
but  supposing,  on  the  other  hand,  a  sufficient  collateral  circula- 
tion does  not  become  established,  the  tissues  finally  undergo 
gangrene  or  necrosis  ;  3,  if  the  artery  is  terminal,  local  anaemia  is 
complete,  and  bloodless  necrosis  ensues ;  4,  if  the  artery  is 
terminal,  but  regurgitation  of  blood  from  neighbouring  capillaries 
or  veins  takes  place,  the  result  is  the  formation  of  a  hsemorrhagic 
infarct. 

(iii)  Causes  of  Ischeemia.— (1)  Embolism.— Si\ch  effects  as 
have  been  described  above  may  be  brought  about  by  a  variety 
of  causes,  the  most  common  of  which  during  Hfe  are  embolism 
and  thrombosis.  Embofism  occurs  when  some  substance  formed 
elsewhere  is  transported  by  the  blood-stream  and  lodged  in  an 
artery.  As  a  rule,  an  embolus  is  arrested  at  a  point  where  the 
lumen  of  the  artery  becomes  narrowed  after  giving  off  a  branch 
of  more  or  less  considerable  size  ;  it  then  obstructs  either  the 
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main  vessel  or  the  branch.  Sometimes,  however,  v^'hen  the  main 
vessel  bifurcates  into  two  vessels  of  equal  or  nearly  equal 
diameter,  as  at  the  bifurcation  of  the  abdominal  aorta,  the  em- 
bolus '  rides  '  on  the  bridge  between  the  two  branches  and  im- 
mediately, or  by  reason  of  subsequent  thrombosis,  occludes  both 
of  them.  A  consideration  of  the  circulation  shows  that  an 
embolus  of  a  systemic  artery  must  have  been  formed  either  in 
a  larger  systemic  artery  or  in  the  left  cavities  of  the  heart  or 
in  the  pulmonary  vein,  unless  it  be  so  small  as  to  have  passed 
through  the  pulmonary  capillaries,  when  it  might  have  been 
formed  anywhere  ;  usually  it  is  a  portion  of  a  vegetation  on  a 
diseased  cardiac  valve,  or  a  portion  of  a  thrombus  that  has  been 
formed  in  the  left  auricular  appendix.  An  embohsm  of  the 
pulmonary  artery,  on  the  other  hand,  must  have  been  formed 
either  in  the  right  cavities  of  the  heart  or  in  the  systemic  veins  ; 
the  larger  pulmonary  emboli  are  commonly  formed  as  thrombi 
in  the  uterine  sinuses  after  parturition,  the  smaller  pulmonary 
emboh  are  commonly  portions  of  thrombi  formed  in  the  right 
auricular  appendix.  An  embolism  of  the  portal  vein  must  have 
been  formed  in  the  portal  tributaries. 

Pulmonary  Embolism  and  Infarction.— Cevt&in  points  con- 
nected with  pulmonary  embohsm  and  infarction  call  for  special 
discussion. 

When  a  large  embolus  obstructs  the  pulmonary  artery  or  any 
branch  of  the  first  or  second  magnitude,  the  symptoms  produced 
are  very  severe,  and  the  case  frequently  ends  fatally  in  a  few 
minutes.  The  effects  of  such  an  embolism  are,  of  course,  the 
same  as  those  which  would  be  produced  by  ligature  of  the  same 
artery.  Ligature  of  such  a  branch  can  be  easily  carried  out  in 
the  lower  animals,  and  it  is  certain  from  analogy  that  pulmonary 
embolism,  when  so  large  a  branch  as  those  we  are  considering  is 
involved,  leads  to  an  enormous  rise  of  blood-pressure  in  ^'the 
systemic  veins,  acute  distension  and  dilatation  of  the  right 
ventricle,  and  a  rapid  fall  in  aortic  blood-pressure  due  to  diminu- 
tion in  the  output  of  the  left  ventricle.  These  conditions  readily 
explain  the  pain,  agonising  dyspnoea,  cyanosis,  and  rapid,  quickly 
failing  pulse  that  clinically  characterise  a  case  of  'pulmonary 
embolism.' 

But  an  embolus  is  not  generally  of  sufficient  size  to  obstruct 
a  branch  of  the  first  order,  and,  as  we  have  already  seen,  the 
blood  may  be  cut  off  from  a  very  considerable  portion  of  the'  pul- 
monary vascular  area  by  ligature  of  vessels,  without  the  produc- 
tion of  greater  results  than  a  small  rise  in  pulmonary  blood- 
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pressure.  Smaller  emboli,  therefore,  such  as  those  which  are 
dislodged  from  thrombi  formed  in  the  right  auricular  appendix 
during  the  later  stages  of  mitral  regurgitation,  do  not  lead  to  any 
circulatory  disturbances  of  importance.  Nevertheless,  they  are 
not  without  their  effects,  for  the  branches  of  the  pulmonary 
artery  are  terminal,  though  perhaps  in  a  modified  sense. 

Embolism  of  a  small  branch  of  the  pulmonary  artery  differs  from 
embohsm  of  a  terminal  artery,  such  as  a  lenticulo-striate  branch 
of  the  middle  cerebral  artery  or  a  branch  of  the  renal  artery,  m 
two  important  respects  :  1,  it  practically  never  leads  to  a  blood- 
less or  almost  bloodless  necrosis ;  2,  in  some  cases,  experimental 
as  well  as  cHnical,  an  embolism  may  be  found,  in  front  of  which 
the  tissues  have  undergone  no  recognisable  modification.  With 
regard  to  the  first  point,  it  is  clear,  bearing  in  mind  the  copious 
supply  of  the  lung  with  wide  capillaries,  that  the  formation  of  a 
bloodless  necrosis  should  not  be  expected,  but,  on  the  other  hand, 
the  formation  of  a  hemorrhagic  infarct.  Moreover,  partly  by 
reason  of  the  freedom  of  capillary  anastomosis,  partly  from  the 
excessive  distension  of  the  ill-nourished  capillary  walls,  and  partly 
from  the  increased  pulmonary  pressure,  especially  on  the  venous 
side,  that  obtains  in  the  condition  (mitral  regurgitation)  under 
which  these  infarcts  are  formed,  actual  hEemorrhage  takes  place 
into  the  alveoli  of  the  part  of  lung  involved  and  converts  it  into  a 
completely  solid  mass. 

An  appearance  similar  in  every  respect  to  a  '  haemorrhagic 
infarct '  is  produced  in  the  condition  known  as  '  pulmonary  apo- 
plexy '  in  which  rupture  of  a  small  blood-vessel  takes  place  into  a 
bronchiole  and  the  effused  blood  fills  the  alveoli  with  which  the 
bronchiole  is  in  connection.  The  question  as  to  whether  haemor- 
rhagic infarcts  and  pulmonary  apoplexies  are  identical  m  aetio- 
logy, or  whether  they  are  different,  has  been  hotly  debated  from 
time' to  time.  Cohnheim,  Virchow,  Litten,  Hamilton,  Grawitz,  and 
others  have  brought  forward  different  arguments  and  have  taken 
one  side  or  the  other.  At  the  present  time  the  general  tendency 
is  to  hold  that  though  the  ultimate  result  is  single,  it  may  be 
brought  about  in  two  distinct  ways.  However,  at  an  autopsy  it 
is  generally  difficult,  if  not  impossible,  to  determine  which  of  the 
two  theoretically  possible  causes  has  actually  been  at  work. 

Infarcts  of  the  Liuer.— Keference  has  been  made  m  the  pre- 
ceding pages  to  the  occasional  formation  of  hepatic  infarcts. 
From  the  nature  of  the  blood  supply  of  the  liver  it  is  clear  that 
infarction  in  this  organ  is  not  readily  produced.  The  c^ass  ot 
case,  too,  in  which  it  occurs  is  very  different  from  that  m  which 
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splenic  or  renal  infarcts  are  found,  for  it  may  almost  be  said  that 
cardiac  disease  never  gives  rise  to  hepatic  infarction.  Neverthe- 
less, the  miderlying  conditions  of  thrombosis  and  embolism  obtain 
in  the  case  of  the  liver  also,  but  they  are  induced  by  profound 
local  conditions,  such  as  cancerous  growth  into  the  branches  of 
the  portal  vein,  suppurative  pylephlebitis,  severe  crushing  of  the 
organ,  &c.  The  infarcts  may  be  either  of  the  anaemic  variety 
when  they  are  large,  or  of  the  hemorrhagic,  when  they  may  be 
large  or  small  (Chiari,  Lazarus-Barlow). 

(2)  Thrombosis. — Thrombosis  consists  in  the  separation  of  fibrin 
from  the  blood,  and  is  probably  dependent  upon  the  same  causes 
as  those  which  lead  to  coagulation.  Apart  from  alterations  in  the 
constitution  of  the  blood  modifying  the  rapidity  with  which 
coagulation  takes  place  (and  these  will  be  considered  later),  fibrin 
is  deposited  upon  the  wall  of  the  heart  or  of  a  blood-vessel  when- 
ever the  mitrition  of  the  endothelium  covering  that  wall  is 
impaired.  In  the  case  of  blood-vessels  such  a  condition  is 
obviously  induced  by,  for  example,  a  ligature  which  severs  the 
intima  in  its  whole  circumference  at  one  point,  by  atheroma 
except  in  its  earliest  stages,  and  by  inflammation. 

But  in  addition  to  these  more  obvious  causes  of  endothelial 
change,  the  nutrition  of  the  endothelium  suffers,  and  fibrin  is 
deposited,  whenever  the  velocity  with  which  blood  passes  through 
the  heart  or  vessels  is  greatly  diminished  for  any  length  of  time . 
This  depends  upon  the  fact  that  the  intima,  including  the  endo- 
thelial cells,  unlike  the  rest  of  the  vessel  wall,  derives  its  nutri- 
ment from  the  blood  in  the  lumen  of  the  vessel,  and  not  from 
that  conveyed  by  vasa  vasorum.  In  most  cases  such  a  diminution 
in  velocity  of  blood-flow  is  the  proximate  cause  of  the  thrombosis. 
Thus,  in  the  heart  the  circulation  is  slowest  in  the  appendices 
auriculae,  behind  the  flaps  of  the  auriculo-ventricular  valves,  and 
between  the  columnse  carne£e.  Normally,  it  is  rapid  enough  even 
here  to  maintain  the  nutrition  of  the  cardiac  endothelium,  but 
when  old  age  or  wasting  disease  or  any  lesion  of  the  valves 
has  impaired  the  musculature  of  the  heart,  and  it  is  no  longer 
able  to  maintain  the  circulation  at  its  normal  velocity,  the 
endothelium  in  these  situations  suffers  first,  and  to  the  greatest 
extent,  and  it  is  just  in  these  situations  that  thrombi  are  found. 
For  the  same  reason  thrombosis  more  commonly  occurs  in  veins ' 

'  Another  reason  for  the  frequency  of  venous  thrombosis  lies  in  the  thinness  of 
the  wall  of  veins,  which  allows  them  more  easily  to. transmit  to  their  endothelium  any 
inflammatory  process  going  on  in  their  neighbourhood,  whether  it  be  in  the  sheath  of 
the  vessels  or  in  lymphatics  or  in  surrounding  tissues  of  other  kind. 
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than  in  arteries.  So  also  absence  of  endothelium  and  diminution 
in  velocity  of  blood-flow  account  for  the  deposit  of  fibrin  upon  the 
wall  of  an  aneurysm. 

But  diminution  in  the  velocity  of  blood-flow  through  the 
arteries  is  not  only  the  result  of  changes  which  impair  the  cardiac 
muscle,  it  is  also  caused  by  diminution  in  the  calibre  of  the 
arteries  themselves.  Hence,  it  is  clear  that  thrombosis  will  most 
readily  occur  in  arteries  when  both  factors,  cardiac  a,nd  vascular, 
are  in  operation  together.  This  obtains  typically  when  extensive 
arteritis  deformans  is  present,' for  it  has  already  been  shown  that 
the  heart  in  such  cases  is  weak,  dilated  and  flabby,  and  the 
arterial  condition  is  one  of  extreme  stenosis.  The  effects,  too,  of 
thrombosis  in  such  cases  are  proportionately  great.  For  the 
pathological  importance  of  occluding  an  artery  depends  entirely 
upon  the  number  and  size  of  the  collateral  branches,  and  since  in 
arteritis  deformans  the  collateral  branches  are  not  only  smaller 
than  the  thrombosed  artery,  but  are  themselves  also  affected  by 
the  calcareous  and  cardiac  changes,  it  follows  that  the  estabHsh- 
ment  of  a  sufficient  collateral  circulation  is  highly  improbable, 
and  that  the  thrombosed  artery,  so  far  as  the  nutrition  of  the 
parts  below  is  concerned,  must  be  regarded  as  terminal.  And 
the  chnical  aspect  corroborates  this  view,  for  the  parts  below 
become  bloodless  and  undergo  gangrene.  Gangrene  thus  in- 
duced may  involve  a  small  or  a  large  area,  but  the  area  in- 
volved corresponds  accurately  to  the  field  supplied  normally  by 
the  artery  and  its  branches,  up  to  and  including  the  seat  of 
thrombosis. 

Besides  accompanying  arteritis  deformans,  thrombosis  of 
arteries  is  also  frequently  dependent  upon  the  syphilitic  change 
known  as  '  endarteritis  obHterans.'  In  this  condition  changes 
take  place  in  the  intima  of  the  small  arteries,  especially  those  of 
the  brain,  which  lead  to  localised  stenoses  of  the  vessels.  The 
syphilitic  change  does  not  of  itself  actually  occlude  the  lumen, 
and  to  this  extent  its  name  is  misleading ;  the  final  occlusion  is 
due  to  thrombosis  of  the  ordinary  kind. 

Arterio-sclerosis,  when  unaccompanied  by  the  atheromatous 
and  calcareous  changes  which  not  infrequently  supervene  later,  is 
not  a  common  cause  of  thrombosis,  though  the  narrowing  in 
calibre  of  the  small  arteries,  which  characterises  the  condition, 
must  tend  to  produce  a  diminution  in  velocity  of  blood-flow  in 
the  stenosed  arteries.  This  absence  of  thrombosis,  no  doubt, 
depends  upon  the  fact  that  the  heart  is  hypertrophied  in  arterio- 
sclerosi?,  and  that  the  tendency  towards  retardation  at  the  distal 
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end  of  the  arterial  system  is  counterbalanced  by  an  increase  in 
velocity  imparted  at  the  proximal  end. 

(3)  Other  Causes  of  Ischcemia.  -Besides  embolism,  thrombosis, 
and  similar  conditions,  such  as  ligature  and  pressure  from  without 
by  tumours,  &c.,  other  causes  may  lead  to  a  diminution  of  the 
calibre  of  arteries.  Some  of  these  seem  to  act  locally,  others  by 
way  of  the  vaso-motor  centre  in  the  medulla  oblongata.  Among 
the  former  may  be  mentioned  cold,  and  such  drugs  as  digitalis, 
ergot  (which  possibly  also  acts  through  the  nervous  system), 
hamamelis,  acetate  of  lead ;  among  the  latter,  mental  causes, 
such  as  fear,  and  perhaps  such  a  drug  as  strychnine. 

In  this  connection  the  morbid  conditions  known  as  ergotism, 
pellagra,  and  Eaynaud's  disease  are  of  importance. 

Ergotism  is  produced  by  the  consumption  of  rye  that  has 
become  infected  by  the  fungus  Claviceps  purpurea,  and  the 
vascular  symptoms,  with  which  alone  we  are  concerned,  are 
brought  about  by  the  marked  constriction  of  the  muscular  coat  of 
small  arteries  throughout  the  body,  which  the  essential  constituent 
of  ergot  induces.  The  constriction  is  so  great,  and  affects  the 
small  arteries  so  generally,  that  collateral  circulation  is  greatly 
impeded  if  not  completely  cut  off,  and  the  parts  supplied  by  the 
smaller  arteries  frequently  undergo  a  gangrene,  which  in  all  its 
characters  resembles  the  senile  gangrene  that  is  associated  with 
arteritis  deformans. 

Pellagra,  a  disease  which  occurs  in  Italy,  Koumania,  the  south 
of  France,  and  in  Spain,  and  is  due  to  the  consumption  of  certain 
kinds  of  maize,  is  not  so  obviously  associated  with  vascular 
changes  as  ergotism,  and  the  symptoms  are  more  exclusively  of  a 
nervous  type.  But  cuticular  disorders,  consisting  in  redness 
(pellagral  erythema),  desiccation,  exfoliation  of  epidermis,  sup- 
puration and  other  inflammatory  or  sub-inflammatory  conditions, 
accompanied  by  local  death  of  the  skin,  are  among  the  most 
prominent  symptoms,  and  Babes  has  described  certain  vascular 
changes  which  are  essentially  accompanied  by  local  arterial 
constriction.  The  actual  substance  that  causes  pellagra  is  not 
known.  Ceni  and  Beota,  however,  bring  forward  strong  evidence 
that  this  disease  is  due  to  a  special  form  of  aspergillosis.  They 
obtained  from  the  spores  of  Aspergillus  fumigates  a  toxin  which, 
injected  into  animals,  acts  upon  nerves  and  muscles,  and  produces 
a  condition  exactly  similar  to  acute  and  subacute  pellagra.  They 
believe  that  the  maize  itself  is  merely  a  vehicle. 

Raynaud's  disease  is  seen  in  three  grades  of  intensity  according 
to  the  degree  to  which  the  parts  supplied  by  the  constricted  artery 
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are  affected  ;  these  are  known  as  local  syncope,  local  asphyxia,  and 
local  or  symmetrical  gangrene.  The  appearances  met  with  in  this 
disease  are  all  direct  or  indirect  results  of  arterial  constriction ;  in 
local  syncope  one  or  more  fingers  or  toes  may  become  completely 
anaemic,  leading  to  the  condition  known  as  '  dead  finger  '  or  '  dead 
toe,'  and  if  this  condition  persists  for  any  length  of  time  it  is 
followed  by  either  an  intense  cyanosis  or  a  gangrene.  These 
changes  are  exactly  similar  to  those  which  may  be  experimentally 
produced  in  the  ear  of  a  rabbit  by  tying  a  ligature  tightly  rcund 
the  root  and  thus  cutting  off  temporarily  its  blood  supply.  A 
curious  point  about  Eaynaud's  disease  is  that  it  is  characterised 
by  a  more  or  less  complete  symmetry.  It  usually  affects  parts 
whose  circulation  is  carried  out  by  small  vessels,  such  as  fingers, 
toes,  tips  of  ears ;  whether  it  also  affects  the  small  arteries  of 
internal  organs,  e.g.  the  kidney,  is  uncertain.  The  ultimate 
cause  of  the  condition  is  quite  unknown,  but  the  facts  that  the 
local  changes  are  entirely  due  to  contraction  of  the  arterioles, 
which  after  a  time  may  pass  off,  that  it  occurs  in  different  parts 
of  the  bod}',  and  that  in  some  cases  the  nerves  of  the  limbs 
have  been  found  afiected  by  inflammatory  changes  (peripheral 
neuritis),  seem  to  indicate  that  the  cause  of  the  diminution 
in  calibre  of  the  arteries  is  nervous.  But  whether  the  constric- 
tion is  due  to  efferent  impulses  descending  from  the  medulla 
oblongata  or  to  action  of  a  blood  whose  constitution  is  altered 
upon  the  local  mechanism,  it  is  impossible  to  say.  Ehlers,, 
indeed,  questions  whether  Eaynaud's  disease  is  not  in  reality 
ergotism. 

(iv)  Effects  of  Temporary  Ischaemia. — The  modifications 
of  tissue  that  we  have  hitherto  considered  are  brought  about  if 
the  obstruction  to  the  artery  is  complete  and  definitive,  or  at  all 
events  if  it  acts  for  a  length  of  time  which  varies  according  to 
the  nature  and  vitality  of  the  tissue  w^hich  is  affected,  but  which 
in  any  case  extends  to  several  hours.  But  under  certain  condi- 
tions the  obstruction  is  removed  before  it  has  existed  for  a  sufficient 
length  of  time  to  produce  in  the  tissues  the  complete  changes 
which  it  would  have  produced  had  it  not  been  removed.  That 
the  results  of  obstruction  under  these  circumstances  maj^  be  very 
different  is  indicated  by  the  fact  to  which  reference  has  been  made 
above,  that  in  Eaynaud's  disease  the  tissues  may  suffer  in  three 
different  degrees — anaemia,  congestion,  and  gangrene.  We  have 
already  seen  that  blood  may  enter  a  mass'  of  tissue  whose  blood 
supply  has  been  cut  off  and  cause  hsemorrhagic  infarction,  but  it 
reaches  the  part  by  circuitous  routes :  the  conditions  we  are  about 
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to  discuss  occur  when  the  blood  again  reaches  the  part  by  the 
normal  route.  It  can  readily  be  understood  that  this  removal  of 
the  obstruction  is  rare,  and  only  obtains  in  special  cases  ;  such  a. 
cause  of  obstruction  as  an  embolus,  thrombus,  or  tumour  is  not 
removed  within  a  few  hours  of  its  commencement  to  occlude  an 
artery. 

If  a  ligature  have  been  placed  round  a  terminal  artery,  or  for 
surgical  purposes  a  bandage  placed  round  the  arm  or  leg,  if  a  tight 
ring  have  been  slipped  over  the  finger  or  penis,  if  cold  (as  in  frost- 
bite), or  nervous  causes  (as  in  Eaynaud's  disease),  have  arrested 
the  circulation  through  a  part  by  producing,  in  one  wa,y  or  another, 
cessation  of  arterial  flow,  the  cause  of  obstruction  may  be  removed 
at  some  variable  time  after  it  commenced  to  act.  Now,  it  is  clear 
that  collateral  circulation  in  all  the  examples  given  is  an  impossi- 
bility during  the  period  of  obstruction,  and  therefore  that,  during 
that  period,  the  part  distal  to  the  obstruction  suffers  in  the  same 
way  and  to  the  same  degree  as  it  would  have  suffered  had  it  been 
supplied  by  a  terminal  artery. 

The  results  observed  in  such  cases  depend  upon  the  vitality  of 
the  tissue  and  the  time  that  elapses  between  the  application  and 
the  removal  of  the  obstructing  cause.  Thus,  in  the  dog,  antemia 
of  the  kidney  produced  by  experimental  occlusion  of  the  renal? 
artery,  and  maintained  for  an  hour,  is  followed  on  removal  of 
the  obstruction  by  anatomical  and  physiological  changes  far 
exceeding  those  which  follow  when  angemia  involves  the  hind  leg 
for  the  same  length  of  time.  But  in  the  leg  itself,  though  removal 
of  an  elastic  bandage  with  which  complete  anaemia  has  been  pro- 
duced, one  hour  after  its  application,  is  followed  by  no  ill  effects, 
if  the  removal  be  delayed  until  four  or  five  hours  have  elapsed 
from  the  time  of  application,  the  tissues  of  the  limb  with  certainty 
undergo  profound  nutritive  changes,  and  these  changes  may  end 
in  gangrene  o£  the  whole  member. 

The  more  profound  changes  which  occur  in  the  tissues  after 
the  release  of  an  artery  ?t'/?e;i  it  lias  not  been  obstructed  sufficiently 
long  to  cause  death  of  the  part,  depend  upon  two  causes.  In  the 
first  place,  it  is  a  fundamental  law  of  physiology  that  ansemia  is 
followed  by  congestion,  and  the  cases  before  us  form  no  exceptions, 
to  the  rule.  The  manner  in  which  this  congestion  is  brought 
about  is  considered  elsewhere,  but  there  is  no  doubt  that  it  is- 
accompanied  by  dilatation  of  the  artery  and  its  branches,  and  by 
increased  exudation  from  the  capillaries  and  veins.  In  the  second 
place,  as  the  result  of  prolonged  angemia,  the  nutrition  of  the 
vessel  wall  suffers,  so  that  along  with  the  onset  of  congestion^ 
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diapedesis  of  red  blood-corpuscles  or  actual  rupture  and  extra- 
Tasation  of  blood  occurs. 

The  interaction  of  these  two  factors  leads  to  an  aiccumulation 
of  exudation  and  red  blood-corpuscles  in  the  inter-capillary  spaces 
which  raises  the  inter-capillary  pressure,  end  this,  aided  by  altera- 
tion of  the  capillary  wall  itself,  interposes  an  abnormal  resistance 
in  the  way  of  the  capillary  circulation.  Consequently,  the  blood 
travels  more  slowly  through  the  tissues,  gives  up  a  greater  amount 
■of  oxygen  than  normal  in  its  transit  through  the  capillaries,  and 
becomes  intensely  venous.  If  the  exuded  fluid  and  corpuscles 
are  limited  in  amount,  they  are  removed  in  course  of  time,  and 
the  part  returns  to  its  normal  condition.  But  if  they  are  exces- 
sive in  amount,  the  pressure  which  they  exert  finally  obliterates 
the  circulation  through  the  part,  and  it  passes  into  a  condition  of 

moist  gangrene. 

If  the  cause  of  obstruction  be  not  removed  till  two  or  three 
days  have  elapsed  from  the  time  when  it  produced  complete 
cessation  of  arterial  flow,  removal  of  the  obstruction  leads  to  no 
further  alterations.  For  the  tissues  on  the  distal  side  of  the 
obstruction  are  already  dead  and  blood  does  not  enter  them  at  all, 
or  only  penetrates  for  a  short  distance.  The  actual  changes  seen 
in  the  part  are  therefore  independent  of  removal  of  the  obstruc- 
tion, and  vary  according  to  the  circumstances  under  which  com- 
plete cessation  of  arterial  flow  was  brought  about.  In  particular, 
they  vary  according  to  whether  the  cessation  of  arterial  flow  was 
brought  about  directly,  or  indirectly  by  way  of  venous  congestion. 
We  shall  return  to  this  subject  when  considering  gangrene. 

A  beautiful  clinical  example  of  the  effects  which  temporary 
arterial  obstruction  may  produce  upon  a  part  is  offered  by 
Raynaud's  disease.  While  the  obstruction  lasts  the  part  is  blood^ 
less,  pale,  and  cold  (local  syncope).  With  removal  of  the  obstruc- 
tion by  relaxation  of  the  arterial  spasm,  and  as  a  result  of  the 
arterial  congestion  which  necessarily  follows  on  the  antecedent 
anfemia,  the  part  becomes  red,  hot,  and  somewhat  swollen; 
later,  along  with  increase  of  the  swelling  the  part  may  become 
cold  and  cyanosed  (local  asphyxia).  If  moderate,  local  asphyxia 
may  disappear,  and  then  the  part  returns  to  its  normal  condition ; 
but  if  the  exudation,  which  is  the  essential  cause  of  local  asphyxia, 
exceed  a  certain  amount,  death  of  the  part  supervenes  (local 
gangrene). 

(V)  Septic  and  Aseptic  Obstruction  of  Blood-vessels.— The 

ultimate  changes  which  the  tissues  undergo  as  the  result  of  an 
■obstruction  to  their  supply  of  blood,  depend  not  only  upon  the 
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conditions  that  have  already  been  discussed,  but  also  upon  whether 
those  changes  take  place  in  the  presence  or  in  the  absence  of 
pathogenetic  micro-organisms — in  other  words,  whether  they  are 
septic  or  aseptic.  The  physical  constitution  of  an  embolus,  whether 
it  be  solid,  such  as  fibrin  or  solid  paraffin,  liquid,  such  as  fat,  or 
gaseous,  such  as  air,  really  modifies  in  no  essential  point  the 
effects  of  embolism  upon  the  tissues.  The  special  case  in  which 
an  embolus  consists  of  a  portion  of  a  malignant  new  growth  will 
be  discussed  in  its  appropriate  place  in  the  chapter  on  Nutrition. 

If  the  cause  of  obstruction  is  aseptic,  then  the  results  are 
aseptic,  and  such  as  have  been  given.  The  tissue  that  dies  in  the 
case  of  obstruction  of  a  terminal  artery  undergoes  degenerative 
changes,  which  end  in  the  formation  of  a  denser  or  softer  in- 
nocuous mass  containing  numerous  fat  globules  and  more  or  less 
blood-pigment.  This  mass,  according  to  its  size,  position,  and 
consistency,  may  either  remain  unaltered,  or  be  absorbed,  or 
become  surrounded  by  a  capsule  of  fibrous  tissue,  or  be  replaced 
by  fibrous  tissue,  or  undergo  subsequent  putrefactive  changes 
(gangrene)  and  be  cast  off. 

But  if  the  cause  of  obstruction  to  an  artery  be  septic,  the 
matter  is  different,  for  not  only  are  the  mechanical  and  degenera- 
tive effects  of  simple  obstruction  produced,  but  over  and  above 
there  supervene  other  changes  due  to  the  action  of  pathogenetic 
micro-organisms  upon  the  wall  of  the  artery.  These  arterial 
changes  in  their  turn  involve  surrounding  parts,  and  other  tissues 
suffer  besides  those  which  were  primarily  deprived  of  blood.  The 
difference  between  the  results  of  septic  and  aseptic  obstruction 
is  shown  by  considering  that,  whereas  aseptic  occlusion  of  a  freely 
anastomosing  artery  is  without  effect  upon  the  nutrition  either  of 
neighbouring  parts  or  of  those  parts  supplied  by  the  obstructed 
vessel,  septic  occlusion  of  the  same  artery,  on  the  contrary,  is 
always  followed  by  more  or  less  marked  pathological  changes  of 
the  parts  immediately  surrounding  the  seat  of  occlusion.  These 
latter,  by  impeding  the  collateral  circulation,  may  ultimately 
involve  in  destruction  a  far  greater  mass  of  tissue  than  would 
have  been  destroyed  had  the  obstruction  been  aseptic  and  the 
occluded  vessel  tenninal.  Mutatis  mutandis,  the  same  is  true  in 
the  case  of  septic  and  aseptic  obstruction  of  veins. 

All  these  pathological  terminations  of  obstruction,  however 
unlike  one  another  at  the  first  glance,  with  the  sole  exception  of 
that  one  in  which  the  disorganised  cone  of  tissue  remains  un- 
altered and  unabsorbed,  are  brought  about  through  the  medium 
of  processes  which  are  inflammatory  or  are  frequently  seen  in 
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inflammation,  and  the  manner  in  which  they  are  brought  about 
will  be  left  for  discussion  along  with  that  subject. 

Y.  Local  Hyperaemia  or  Cong-estion. — Local  hyperaemia  or 
congestion  may  be  dependent  upon  either  an  increased  supply  of 
blood  to  a  part  or  a  diminished  removal  of  blood  from  a  part.  It 
may  therefore  be  brought  about  by  dilatation  of  arteries  or  by 
obstruction  of  veins.  The  forms  of  congestion  thus  induced  are 
so  different  that  they  must  be  discussed  separately. 

A.  Arterial  Cong'estion.— Arterial  congestion  is  due  either  to 
active  nervous  influence  or  to  removal  of  the  normal  tone  of  the 
smaller  arteries  by  paralysis  of  their  vaso-motor  mechanism.. 
Hence  it  may  be  either  '  active  '  or  '  paralj^tic' 

Active  congestion  may  be  brought  about  through  the  medium 
of  the  central  nervous  system  ;  examples  of  this  variety  occur  in 
salivation  and  sweating  due  to  mental  emotions,  and  possibly 
also  in  'blushing.*  More  commonly,  however,  it  is  caused  by  the 
direct  action  of  some  stimulus  upon  the  peripheral  nervous, 
mechanism,  as  in  the  case  of  the  arterial  dilatation  brought  about 
by  the  application  of  gentle  heat.  In  some  instances  active 
arterial  congestion  depends  upon  the  direct  action  of  vaso-dilator 
fibres. 

Uncomplicated  active  congestion  is  but  rarely  met  with  in 
pathology  ;  it  occurs  in  the  remaining  organ  when  one  of  a  pair 
has  been  removed  or  from  any  cause  has  become  functionless ;  it' 
occurs  where  hypertrophy  is  taking  place  ;  perhaps  it  occurs  when 
the  vessels  forming  a  collateral  circulation  dilate  after  occlusion  of 
the  main  vessel.  But  even  in  these  cases  it  is  more  justly  spoken 
of  as  physiological  than  as  pathological.  It  is  not  until  we  have 
passed  the  indefinable  line  separating  physiology  from  pathology 
that  active  congestion  is  frequently  met  with,  and  then  it  is  not 
uncomplicated,  but,  on  the  contrary,  invariably  complicated  by 
the  presence  of  some  one  or  other  of  the  processes  which  go  to 
make  up  the  complex  condition  known  as  '  inflammation.' 

The  causes  of  paralytic  congestion  are  sometimes  very  obvious  :. 
the  spinal  cord  or  a  nerve  may  be  pressed  upon  by  a  tumour,  or 
may  be  actually  divided  by  some  injury,  or  reflex  inhibition  of  the 
vaso-motor  centre  may  be  brought  about  by  stimulation  either 
of  a  large  number  of  afferent  nerves,  or  the  afferent  nerves  of  an 
important  organ  as  in  the  condition  known  as  '  shock.'  Paralytic 
dilatation  of  arteries  is  also  induced  by  drugs  such  as  the  inorganic 
nitrites,  the  organic  nitrates  of  the  fatty  series,  chloral,  amyl. 
nitrite,  nitroglycerine,  and  curare,  all  of  which  act  peripherally 
either  upon  the  muscular  coat  of  the  artery  or  upon  the  local 
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nervous  mechanism  (curare)  or  upon  both.  It  is  also  produced 
by  drugs  such  as  anaesthetics  and  narcotics,  which  depress  the 
vaso-motor  centre  along  with  the  rest  of  the  brain  and  cord  and 
therefore  may  be  said  to  act  centrally.  Dilatation  of  this  kind 
acts  from  within  the  vessel  and  through  the  blood,  it  is  therefore 
general ;  for  a  dilatation  to  be  local,  the  drug  must  either  act  from 
without,  e.g.  the  whole  class  of  rubefacients,  or  if  acting  from 
within,  it  must  have  a  special  selective  action  upon  one  particular 
part  or  organ.  An  example  of  the  latter  class  is  afforded  by 
cantharides,  which,  given  internally,  produces  an  intense  con- 
gestion of  the  kidney. 

Paralytic  arterial  congestion  must  be  kept  distinct  from  active 
arterial  congestion,  not  only  by  reason  of  the  difference  which 
obtains  in  their  modes  of  production  but  also  by  reason  of  the 
fact  that,  unlike  the  physiological  process  of  active  congestion, 
paralytic  arterial  congestion  is  essentially  pathological  and  has  no 
strict  counterpart  in  health.  Moreover,  the  effects  of  the  two 
kinds  of  arterial  hypersemia  are  different,  as  are  the  courses  which 
they  run.  Active  congestion  occurs  in  company  with  increased 
functional  activity  and  increased  metabolism,  paralytic  congestion 
occurs  along  with  diminished  functional  activity,  and  probably, 
therefore,  with  diminished  metabolism,  though  the  latter  point  is 
not  so  certain ;  active  congestion  is  commonly  unaccompanied  by 
any  alteration  in  the  mean  arterial  blood-pressure,  paralytic  con- 
gestion is  frequently  associated  with  a  fall  in  the  blood-pressure ; 
active  congestion  is  accompanied  by  an  increase  in  the  flow  of 
lymph  from  the  part,  paralytic  congestion,  at  all  events  for  a  time, 
is  accompanied  by  no  increase  in  the  flow  of  lymph,  and  in  some 
cases  even  a  diminution  is  observed.  Nevertheless,  they  have 
certain  characteristics  in  common.  Both  varieties  lead  to  swelling 
and  redness  of  the  part  from  the  increased  amount  of  arterial 
blood  which  it  contains ;  both  lead  to  an  increase  in  the  velocity 
of  the  blood-stream  through  the  part  owing  to  diminution  of  the 
resistance  between  the  heart  and  the  capillaries  ;  both  lead  to  in- 
creased warmth  of  the  part,  if  it  be  superficial,  from  the  shorter 
time  during  which  heat  can  be  lost  by  radiation  from  a  given 
volume  of  blood ;  both,  if  prolonged,  lead  to  hypertrophy  of  the 
arteries  by  reason  of  the  increased  nutriment  which  reaches  the 
vessel  walls  through  the  dilated  vasa  vasorum ;  and  in  both 
the  increase  in  calibre  of  the  vessels  may  be  such  that  the  pulse- 
wave  is  not  obliterated  in  them,  but  passes  through  to  the  veins. 

In  spite  of  the  differences  and  because  of  the  similarities  be- 
tween active  and  paralytic  congestions,  it  is  frequently  difficult  to 
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determine  which  of  the  two  is  present,  while,  even  if  it  be  finally 
concluded  that  the  congestion  is  active,  it  is  by  no  means  easy  to 
decide  whether  the  dilatation  of  arteries  is  primarily  due  to  action 
of  the  central  or  primarily  due  to  action  of  the  peripheral  nervous 
mechanism.  Moreover,  strictly  speaking,  active  dilatation  of 
vessels  cannot  occur  at  all,  unless  it  be  brought  about  by  the 
action  of  vaso-dilator  nerves,  and  even  then  all  dilatation  of 
whatever  kind  consists  in  the  removal  of  arterial  tone,  and  there- 
fore comes  very  close  to  a  paralytic  process.  But  since  one  is 
forced  to  recognise  that  the  results  of  an  otherwise  indistinguish- 
able dilatation  of  arteries  differ  according  to  the  circumstances 
under  which  that  dilatation  occurs,  it  is  necessary  to  have  distinc- 
tive terms,  and  therefore  the  terms  '  active '  and  '  paralytic  '  are 
preserved. 

The  causes  of  active  congestion  practically  resolve  themselves 
into  the  causes  of .  increased  metabolism,  and  of  these  functional 
activity  and  warmth  ^  are  the  chief.  As  to  the  mode  in  which 
the  local  dilatation  of  arteries  is  brought  about,  we  can  only  have 
recourse  to  hypothesis.  We  know  that  increase  of  function  and 
increase  of  blood-supply  go  hand  in  hand,  and  since  increase  of 
function  implies  increased  formation  of  tissue  waste-products,  it 
is  reasonable  to  expect  that  these  are  not  without  their  influence 
upon  the  processes  at  work.  Gaskell  showed  that  the  tonicity  or 
degree  of  contraction  of  the  frog's  heart  and  of  arterial  muscle, is 
very  closely  bound  up  with  the  reaction— alkaline  or  acid — of 
the  fluid  which  bathes  it.  With  very  weak  acids  an  atonic  or 
dilated  condition  is  induced,  with  weak  alkahes  a  tonic  or  con- 
tracted condition,  and  changes  from  atonicity  to  tonicity  and  vice 
versa  may  readily  be  produced  by  changing  in  the  appropriate 
manner  the  reaction  of  the  bathing-fluid.  He  suggested  that 
the  dilatation  of  the  blood-vessels  which  accompanies  functional 
activity  is  dependent  upon  the  acidity,  or  rather  the  diminished 
alkahnity,  of  the  lymph,  which  leaves  the  part  in  action,  and 
which,  on  its  way  towards  the  lymphatics,  is  contained  in  lymph 
spaces  that  surround  the  arterial  wall.  In  the  case  of  voluntary 
muscle,  at  all  events,  it  is  knovra  that  functional  activity  in  the 
presence  of  an  adequate  supply  of  oxygen  (W.  Morley  Fletcher)  is 
accompanied  by  the  formation  of  CO2  and  an  acid  substance, 
possibly  sarcolactic  acid.  So  that  there  is  a  certain  amount  of 
evidence  in  favour  of  the  view  that  local  active  dilatation  of  the 
arteries  is  due  to  local  influences  upon  the  local  mechanism. 

'  It  is  clear  that  we  are  speaking  here  only  of  local  metabolism  ;  the  general 
metabolism  of  the  bcJdy  is  diminished  by  external  warmth  and  not  increased. 
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Nevertheless,  so  many  examples  of  functional  activity  of  glands 
are  known  which  are  clearly  under  the  control  of  the  central 
nervous  system,  and  in  which  the  increased  blood  supply  is  a 
necessary  preliminary  factor  to  the  appearance  of  an  increased 
secretion  (c/.  sweat,  urine,  saliva),  that  one  hesitates  to  regard 
active  hypertemia  as  being  completely  dependent  upon  local 
causes. 

It  has  already  been  stated  that  active  congestion  is  commonly 
unaccompanied  by  any  change  in  the  mean  arterial  blood- 
pressure  ;  the  reason  of  this  lies  in  the  fact  that  the  area  which  is 
the  seat  of  active  congestion  is,  as  a  rule,  sufficiently  small  for 
compensatory  constriction  of  the  arterioles  in  other  parts  to  take 
place.  The  effect  of  paralytic  congestion  upon  the  general  blood- 
pressure  varies  according  to  the  extent  of  the  area  over  which  the 
arteries  are  dilated.  If  the  sciatic  nerve  be  divided  and  the  leg 
becomes  congested,  large  though  the  area  is,  it  is  nevertheless  not 
so  great  but  that,  by  coincident  constriction  of  arterioles  in  other 
parts  (particularly  in  the  splanchnic  area),  the  mean  blood- 
pressure  can  be  maintained,  and  this  actually  occurs.  But  if 
the  splanchnic  nerves  be  divided,  the  vascular  area  affected  is  so 
enormous,  and  the  amount  of  blood  which  collects  in  the  dilated 
vessels  is  so  great,  that  no  amount  of  vaso-constriction  in  other 
parts  of  the  body  is  able  to  compensate  for  the  local  hypersemia 
in  the  abdomen,  and  hence  the  blood-pressure  falls.  Consequently 
the  effects  upon  the  mean  blood-pressure  of  an  injury  to,  or  of  a 
tumour  in,  the  spinal  cord  depend  upon  whether  it  is  situated 
above  or  below  the  region  which  gives  origin  to  the  splanchnic 
nerves ;  if  it  be  situated  above,  it  cuts  off  constricting  impulses 
passing  from  the  vaso-motor  centre  to  the  abdominal  arteries, 
and  the  blood-pressure  falls ;  if  it  be  situated  below,  the  splanchnic 
vessels  are  exempt,  and  the  blood-pressure  remains  at  its  normal 
height.  The  action  of  drugs  upon  the  blood-pressure  shows 
similar  differences ;  those  drugs  which  act  generally,  e.g.  amyl 
nitrite,  &c.,  produce  a  fall  in  blood-pressure,  those  which  act 
locally,  e.g.  rubefacients,  leave  the  general  blood-pressure  un- 
altered. 

B.  Venous  Hypepaemia  op  Cong-estion.— Owing  to  the  absence 
of  vaso-motor  control  of  veins,  or  its  insignificance  as  compared 
with  that  of  arteries,  venous  congestion  is  not  obviously  due  to 
either  active  or  paralytic  dilatation  of  the  vessel  walls.  It  appears 
to  be  solely  the  result  of  a  passive  distension  of  the  veins  behind 
some  obstruction,  and  for  this  reason  is  frequently  called  'passive' 
congestion.    In  venous  as  in  arterial  congestion,  the  capillaries 
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fire  more  than  usually  full  of  blood,  but  in  this  case  the  part 
though  swollen  is  not  red  but  purple,  usually  not  hot  but  cold, 
find  the  blood-flow  through  it  not  more  rapid  but  less  rapid  than 
normal. 

The  circulatory  changes  in  passive  congestion  can  be  very 
well  studied  microscopically  in  the  tongue  or  the  swimming-web 
of  the  frog.  If  a  ligature  be  tied  around  the  thigh  of  a  frog  close 
to  the  pelvis  sufficiently  tight  to  constrict  the  veins  but  not  to 
obstruct  the  artery,  the  following  appearances  are  seen.  It  is 
noticed  after  a  short  time  that  the  veins  of  the  swimming-web 
are  dilated  and  distended  with  blood,  that  a  larger  number  of 
capillaries  is  visible  in  any  given  field  of  the  microscope  than 
normal,  and  that  their  diameter  is  increased.  Whereas  only  one 
corpuscle  was  formerly  able  to  traverse  the  capillary  at  a  time, 
and  that,  too,  travelling  in  the  direction  of  its  long  axis,  now  two 
or  three  corpuscles  may  be  seen  travelling  abreast.  It  will  further 
be  noticed  that  the  velocity  of  the  blood-flow  is  diminished  ;  in 
the  normal  condition  the  blood  flows  so  rapidly  through  the 
arteries  that  the  outline  of  the  individual  corpuscles  cannot  be 
•seen,  and  through  the  veins  with  a  rapidity  that  is  scarcely  less 
marked.  But  now  the  individual  corpuscles  in  arteries  and  in 
veins  can  be  distinguished  if  the  congestion  be  not  too  severe, 
and  in  the  capillaries  a  corpuscle  remains  for  a  very  appreciable 
length  of  time.  As  time  goes  on  distension  of  the  vessels  in- 
creases ^  and  the  blood  flows  more  and  more  slowly,  with  the 
result  that  the  division  into  axial  and  plasmatic  portions  is  lost 
and  the  red  blood-corpuscles  come  to  lie  against  the  vessel  walls. 
"When  the  condition  is  very  advanced,  the  red  blood-corpuscles 
are  pressed  so  closely  against  ,  one  another  that  they  lose  their 
outline,  and  the  vessel  with  its  contents  appears  to  be  converted 
into  a  solid  homogeneous  red  cylinder.  At  this  moment  there  is 
■seen  on  the  outer  side  of  the  walls  of  capillaries  and  small  veins  a 
•number  of  protuberances,  which  generally  increase  in  size  and 
finally  assume  the  characters  of  red  blood-corpuscles.  The 
■number  of  red  blood-corpuscles  that  may  be  extruded  from  the 
blood-vessels  by  this  process  of  diapedesis  varies  according  to  the 
degree  and  duration  of  venous  obstruction.  In  the  dog  at  times 
it  is  so  considerable  as  to  cause  the  lymph  leaving  the  part  to 
take  on  a  bloody  appearance,  and  even  with  minor  degrees  of 
obstruction  it  is  commonly  found  on  microscopical  examination 

•  According  to  Thoma,  the  calibre  of  the  arteries  is  diminished.  He  maint*iins 
that  a  diminution  in  cahbre  of  arteriea  always  accompanies  a  retardation  of  the  flow 
■of  blood  in  them. 
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that  small  numbers  of  red  blood-corpuscles  are  being  carried  away 
in  the  lymph.  Moreover,  when  venous  obstruction  has  been  in 
existence  for  some  time  the  lymph-flow  is  increased. 

The  circulation  through  a  part  whose  veins  are  obstructed 
goes  on,  though  with  increasing  slowness,  until  the  pressure  in 
the  veins  is  nearly  equal  to  the  pressure  in  the  arteries ;  before 
the  blood-flow  actually  ceases  it  shows  for  a  time  an  intermittent 
forward  movement,  owing  to  the  fact  that  the  obstruction  is  so 
great  that  it  can  only  be  overcome  during  the  height  of  ventricular 
systole. 

Venous  congestion  does  not  modify  the  aortic  blood-pressure. 
For  the  increased  pressure  in  veins  and  capillaries  of  the  part 
affected  is  not  transmitted  backwards  beyond  the  small  arteries 
which  constitute  the  peripheral  resistance,  and  cardiac  output  is 
unaltered  because  diminished  venous  outflow  from  the  part  is 
rapidly  met  by  a  diminution  in  its  arterial  supply.  Nevertheless 
when  the  vena  cava  is  obstructed  alove  the  liver,  aortic  pressure 
falls  enormously  owing  to  lessened  cardiac  intake. 

The  effects  produced  upon  the  tissues  by  venous  congestion 
largely  consist  in  oedema,  and  this  we  must  leave  on  one  side  for 
the  present,  but  certain  other  changes  may  be  noticed.  These 
are  of  three  kinds  :  1,  a  lowering  of  the  general  nutrition  of  the 
part,  rendering  it  liable  to  suffer  severely  from  irritants  which 
under  normal  circumstances  would  have  but  slight  consequences 
or  none  at  all ;  2,  hypertrophy  of  certain  forms  of  tissue  ;  and  3, 
diapedesis  of  red  blood-corpuscles. 

With  regard  to  the  lowering  of  nutrition  in  the  part,  this  may 
vary  within  very  wide  limits,  from  an  increased  tendency  to 
inflammation  or  ulceration  as  the  result  of  small  injuries,  which 
accompanies  the  milder  forms  of  chronic  venous  congestion,  to 
moist  gangrene,  which  accompanies  the  severer  forms  of  aciUe 
venous  congestion.  Hypertrophy  is  only  seen  when  venous  con- 
gestion is  chronic,  and  it  chiefly  affects  fibrous  tissue,  elastic 
tissue,  and  epithelial  structures.  Thus,  in  the  chronic  venous 
congestion  of  congenital  malformation  of  the  heart,  the  fibrous 
tissue  at  the  ends  of  the  fingers  becomes  hypertrophied  and  the 
nails  become  enlarged,  leading  to  the  condition  known  as  '  club- 
bing'  of  the  fingers.  In  the  later  stages  of  mitral  regurgitation, 
along  with  the  chronic  venous  congestion  of  the  liver,  spleen,  and 
kidneys,  there  is  often  found  an  increase  in  the  amount  of  fibrous 
tissue  that  forms  the  supporting  structure  of  these  organs,  and  of 
the  elastic  tissue  th.it  enters  into  the  composition  of  their  blood- 
vessels (Melnikow-Raswedenkow).    In  the  neighbourhood  of  a 
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varicose  ulcer  on  the  leg^  the  epidermis  is  thicker  than  normal 
and  the  hair  grows  moire  luxuriantly.  Diapedesis  of  red  blood- 
■corpiiscles  occurs  with  se^vere  and  acute  venous  congestion,  and 
the  amoxmt  of  blood  that  is  extravasated  into  the  tissues  in  this 
manner  may  be  so  great  :as  to  merit  the  name  of  haemorrhage.  If 
the  blood-vessels  are,  comparatively  speaking,  unsupported,  actual 
rupture  of  the  vessels  may  take  place,  but  in  diapedesis  the  red 
blood-corpuscles  are  usually  regarded  as  passing  through  the  un- 
injured walls  of  the  capillaries  or  veins. 

The  causes  of  venous  congestion  are  such  as  lead  to  obstruc- 
tion of  the  veins,  Ibut  one  important  point  must  be  borne  in 
mind,  viz.  that  the  collateral  circulation  in  the  case  of  veins  is 
extraordinarily  free.    It  is  not  sufficient  to  ligature  the  femoral 
vein  in  the  middle  of  a  dog's  thigh  in  order  to  produce  venous 
congestion  of  ithe  paw  ;  such  an  operation  has  at  most  a  momen- 
tary effect,  for  the  increased  pressure  of  blood  in  the  veins 
Ihebind  the  obstruction  is  sufficient  to  open  up  the  easily  dis- 
itensible  collateral  paths  that  unite  the  vein  below  with  the 
wein  above  the  obstruction. >    But  if  a  hgature  be  placed  with 
imoderate  tightness  around  the  whole  thigh,  and  a  certain  amount 
,df  obstruction  -be  placed  in  the  way  of  the  return  of  blood  from 
I  the  paw  through  all  the  possible  channels,  then  venous  congestion 
,  of: the' paw  (results.    Hence  in  disease  passive  congestion  is  seen 
<  only  when  venous  obstruction  is  due  to  central  or  to  extensive 
'peripheral  causes.    It  occurs  most  commonly  along  with  tricuspid 
rregurgitation,  the  result  of  cardiac  failure,  and  then  it  is  general. 
'It  is  most  marked  in  the  dependent  parts,  owing  to  the  impaired 
■force  of  the  heart,  which  now  is  less  able  than  formerly  to  drive 
,  the  blood  through  the  veins  in  a  direction  opposed  to  gravity. 
■It  also  occurs  wherever  thrombosis  obstructs  the  lumen  of  many 
•veins:   such  a  condition  is  found  in  the  portal  vein  and  its 
llbranches  in  inflammation  of  those  vessels,  and  in  the  iHac  or 
:ffemoral  vein  and  their  branches,  in  the  condition  known  as 
■phlegmasia  dolens.    It  occurs  wherever  pressure  is  exerted  upon 
veins  from  without,  as,  for  example,  by  a  tight  bandage  or  ring, 
.by  an  aneurysm  or  a  soHd  tumour.     In  many  of  the  cases 
mentioned,  however,  the  congestion  is  to  be  recognised  rather 
by  the  presence  of  that  oedema  which  accompanies  it,  than  by 
:  an  actual  overloading  of  the  part  with  venous  blood  and  a 
.  cyanosis. 

>  Even  ligature  of  the  superior  vena  cava  or  of  the  inferior  vena  cava  below  the 
I  i  liver  does  not  produce  any  effect  upon  the  pressure  in  the  carotid  artery  of  a  dog. 
V  (Cohnheim,  Lectures  on  Pathology,  New  Syd.  Soc.  p.  167.) 
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Before  dismissing  the  subject  of  congestion,  there  are  two 
farther  varieties  which  must  be  briefly  mentioned.  These  are 
(A)  the  congestion  which  is  brought  about  by  a  local  diminu- 
tion of  pressure,  and  (B)  the  congestion  which  is  known  as 
'  hypostatic' 

(A)  The  congestion  which  is  brought  about  by  a  local  diminu- 
tion of  pressure  is  seen  in  its  simplest  form  when  the  atmo- 
spheric pressure  is  diminished  over  some  superficial  part.  Thus  it 
occurs  typically  in  the  almost  obsolete  practice  of  '  dry  cupping." 
The  operation  consists  in  holding  a  cup-shaped  glass  over  the 
flame  of  a  spirit  lamp,  whereby  the  air  within  it  becomes  warmed 
and  rarefied,  and  closely  applying  it  while  still  warm  to  the  skin 
of  the  patient.  The  air  within  the  cup  as  it  cools  contracts, 
reduces  the  pressure  within  the  cup  below  the  pressure  of  the 
atmosphere,  and  therefore  exposes  the  tissues  which  are  covered 
by  the  cup  to  a  diminished  pressure.  The  distensible  skin  which 
is  exposed  to  this  diminished  pressure  expands  and  becomes 
sucked  up  (or,  more  strictly  speaking,  is  pushed  up  by  the 
surrounding  atmospheric  pressure)  to  a  certain  extent  into  the 
cup.  Along  with  the  skin  the  blood-vessels  dilate  also,  and  the 
part  becomes  red  and  congested. 

The  difference  between  this  form  of  congestion  and  those 
which  we  have  previously  considered  consists  in  the  fact  that 
the  local  diminution  of  pressure  leads  neither  to  an  exclusively 
arterial  nor  to  an  exclusively  venous  congestion,  but  to  a  local 
attraction  of  blood  from  all  parts,  arteries,  capillaries,  and  veins, 
in  which  the  pressure  is  greater  than  it  is  at  the  seat  of  cupping. 
But  the  congestion  which  is  produced  in  this  manner,  or  by 
applying  suction  with  the  mouth  to  a  soft  part,  remains  for  some 
time  after  the  pressure  over  the  part  has  returned  to  normal,  and 
hence  one  must  conclude  that  there  is  something  more  in  the 
congestion  than  the  simple  process  given  above.  The  small 
haemorrhages  that  are  frequently  seen,  especially  in  the  neigh- 
bourhood of  the  hair-follicles,  depend  upon  actual  rupture  of  some 
of  the  less  supported  capillaries,  and  this  is  certainly  due  to  the 
diminished  pressure  on  one  side  of  them,  but  the  general  conges- 
tion (which  may  last  for  an  hour  or  more,  and  which  is  not 
inflammatory)  must  be  regarded  as  due  to  a  local  paralysis  of  the 
arterioles.  For  the  part  is  warmer  than  elsewhere  in  the  neigh- 
bourhood, and  the  circulation  through  it  is  more  rapid  than 
usual,  as  can  be  determined  by  the  instantaneous  return  of  red- 
ness after  removal  of  intra-vascular  blood  from  the  part  by 
pressure  with  a  finger  ;  anaemia  of  the  surrounding  but  unaffected 
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parts  produced  in  the  same  way  does  not  give  place  to  the  normall 
colour  after  removal  of  the  finger  until  an  appreciably  longer 
interval  of  time  has  elapsed. 

A  process  that  is  essentially  the  same  comes  about  in  the  body 
when  a  part  has  been  subjected  to  increased  pressure  for  some 
length  of  time  and  the  increased  pressure  is  suddenly  taken  off. 
This  occurs,  for  example,  in  a  hydrocele,  where  the  tunica 
vaginalis  of  the  testis  is  the  seat  of  an  effusion  that  produces  eu 
considerable  amount  of  pressure  on  the  walls  of  the  sac.  On 
making  a  small  puncture  in  the  sac,  as  in  the  usual  method 
adopted  for  emptying  it,  the  fluid  is  expelled  with  some  force. 
The  sudden  diminution  of  pressure  produces  a  congestion  of  the 
blood-vessels  running  in  the  wall  of  the  sac,  and  haemorrhage 
into  the  sac  not  infrequently  occurs.  The  same  is  seen  when 
fluid  has  collected  in  the  abdominal  or  one  of  the  pleural  cavities,, 
or  when  the  abdominal  pressure  is  suddenly  diminished  by  the 
removal  of  a  large  abdominal  tumour.  The  amount  of  blood 
that  may  be  diverted  from  the  circulation  generally,  and  from 
the  brain  in  particular,  to  fill  the  dilated  vessels  is  sometimes 
so  great  that  faintness  is  produced,  and  the  haemorrhage  which 
occurs  from  the  congested  blood-vessels  may  be  so  considerabfe 
as  to  be  alarming.  It  is  obvious  that  these  severer  symptoms 
more  commonly  occur  when  the  abdomen  is  the  seat  of  opera- 
tion than  elsewhere. 

(B)  Hypostatic  congestion  depends  upon  the  fact  that,  under 
the  conditions  in  which  it  obtains,  gravity  exerts  a  greater  pro- 
portionate resistance  towards  the  flow  of  blood  in  the  veins  than 
normal.^  Hypostatic  congestion  occurs  in  dependent  parts,  and 
is  seen  when  the  propulsive  power  of  the  heart  is  diminished,  as 
in  old  age  or  at  the  latter  end  of  severe  or  exhausting  diseases 
such  as  typhoid  fever.  In  dependent  parts  the  return  of  blood 
to  the  heart  is  opposed  by  gravity,  but  normally  the  force  of  the 
ventricular  systole  is  such  that  that  portion  of  the  force  which 

'  L.  Hill  finds  that  gravity  is  '  a  cardinal  factor '  in  the  circulation,  but  that  its- 
importance  varies  in  different  animals.  In  animals  in  which  the  erect  position  is 
usual,  such  as  monkeys,  and  presumably  therefore  in  man,  gravity  exerts  but  little 
disturbing  influence,  owing  to  the  perfection  of  compensation  that  is  effected  by  vaso- 
motor changes  in  the  splanchnic  area,  but  in  four-footed  animals  compensation  is  not 
so  effective,  and  the  result  of,  e.g.,  the  '  feet-down  '  position  is  that  aortic  blood- 
pressure  is  lowered.  This  depends  upon  the  fact  that,  in  this  position,  blood  collects; 
in  the  splanchnic  veins  instead  of  entering  the  right  heart.  The  input  of  the  right 
heart  being  diminished,  the  output  of  the  left  ventricle  is  lessened,  and,  other  factors- 
remaining  constant,  the  blood-pressure  falls.  In  the  '  head-down  '  position  the  exact 
converse  obtains. 
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2>asses  the  peripheral  resistance  and  the  capillaries  is  sufficient 
to  overcome  the  effect  of  gravity  and  urge  the  blood  onwards. 
When  the  heart  is  weakened,  this  is  not  the  case,  and  the  blood 
travels  towards  the  heart  only  during  the  height  of  systole,  so 
.i;hat  the  venous  flow  becomes  intermittent ;  if  the  heart  be  ex- 
cessively weak,  actual  stagnation  in  the  dependent  parts  may 
■occur.  The  cardiac  weakness  is  further  aided  by  the  fact  that 
^contraction  of  skeletal  muscles,  which  is  so  potent  an  adjuvant  to 
the  venous  circulation,  is  in  these  very  cases  reduced. to  its  lowest 
limits,  practically  consisting  only  in  the  action  of  the  enfeebled 
jrespiratory  muscles.  Owing  .to  the  smaller  force  exerted  by  the 
right  ventricle,  hyjpostatic  congestion  occurs  earliest  and  is  most 
marked  in  ,the  dependent  parts  of  the  lungs.  The  stagnation  of 
the  blood  leads  to  deficient  nutrition  of  the  part,  and  such 
-changes  are  p)roduced  as  are  associated  with  passive  hyperismia 
and  deficient  nutrition  of  the  vessel  wall,  viz.  oedema,  extravasa- 
tion of  blood,  and  a  tendency  to  undergo  low  forms  of  inflamma- 
-tion.  Clinically,  hj^postatic  congestion  is  of  the  highest  importance, 
but  pathologically,  it  offers  no  real  difference  from  the  venous 
congestion  which  has  already  been  described. 

VI.  The  Effects  of  Haemorrhag-e. — Sudden  variations  in  the 
-quantity  of  blood  in  the  body  may  be  regarded  from  three  points 
of  view  ;  either  from  .that  of  the  blood  itself,  or  from  that  of  the 
tissues  which  .lie  outside  the  blood-vessels,  or  from  that  of  the 
heart  and  blood-vessels.  It  is  from  the  latter  aspect  alone  that 
tliey  will  be  considered  here. 

It  is  unnecessary  to  enter  here  into  a  discussion  of  the  effects 
of  suddenly  increasing  the  volume  of  fluid  in  the  blood-vessels, 
ias  the  subject  will  need  consideration  in  connection  with  trans- 
fusion. Sudden  diminution  in  the  volume  of  the  blood  in  the 
body  occurs  in  every  case  of  severe  arterial  or  venous  htemor- 
.rhage.  The  diminution  is  not  produced  with  so  great  suddenness 
when  haemorrhage  is  from  veins,  as  when  it  takes  place  from  a 
•divided  artery,  nor  is  it  common  for  the  loss  of  blood  to  be  so 
great  in  the  former  case  by  reason  of  the  lower  blood-pressure  in 
-the  veins,  the  smaller  velocity  of  the  blood-flow,  and  the  greater 
coagulability  of  venous  blood,  factors  which  aid  in  hastening  the 
■onset  of  that  thrombosis  which  is  the  natural  means  whereby 
htemorrhage  is  arrested.  The  '  suddenness  with  which  loss  of 
•blood  takes  place  is  of  more  importance  m  this  connection  than 
mere  quantity.  In  haemophilia,  for  example,  the  loss  of  blood 
by  gradual  oozing  from  an  abraded  surface  may  be  so  great  as  to 
induce  extreme  .blanching  of  the  patient,  but  circulatory  changes 
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such  as  supervene  on  severance  of  the  femoral  artery  or  in  post- 
partum heemorrhage  are  conspicuously  absent. 

It  is  well  known  that  the  general  blood-pressure  is  not  per- 
manently affected  by  haemorrhage  unless  that  hemorrhage  be 
carried  to  an  alarming  extent ;  up  to  one-third  of  the  initial 
volume  of  the  blood  may  be  lost,  and  yet  the  general  blood- 
pressure  remains  at  its  normal  level.  The  pressure,  no  doubt, 
falls  during  the  actual  period  of  haemorrhage,  but  so  soon  as  it  is 
arrested,  whether  by  natural  or  by  artificial  means,  the  pressure 
regains  its  original  level.  This  is  brought  about  because  the 
peripheral  resistance  is  increased  by  vaso-motor  action  and  the 
capacity  of  the  vascular  area,  especially  in  the  splanchnic  regions, 
is  diminished ;  as  long  as  variation  in  these  directions  is  possible, 
so  long  the  normal  blood-pressure  is  maintained. 

The  part  played  by  the  arteries  in  organs  and  tissues  other 
than  that  whence  the  arterial  haemorrhage  is  taking  place  is 
exactly  similar  to  the  part  which  would  be  played  by  them  if, 
instead  of  heemorrhage,  a  local  arterial  congestion  was  being 
produced.    The  blood- pressure  is  maintained  in  both  cases,  but 
whereas  this  is  beneficial  to  the  whole  economy  in  the  case  of  a 
local  arterial  congestion,  it  is  distinctly  injurious  to  the  whole 
economy  when  haemorrhage  is  taking  place.    For  the  amount  of 
blood  lost  per  unit  of  time  from  a  given  divided  artery  depends 
upon  the  pressure  under  which  the  blood  is  in  the  system.  Th6 
maintenance  of  the  blood-pressure,  therefore,  is  one  of  the  chief 
causes  in  rendering  the  loss  of  blood  that  takes  place  from  a 
large  divided  artery  so  great  as  to  be  a  danger  to  life.  And, 
indeed,  were  the  blood-pressure  to  be  maintained  to  the  end, 
haemorrhage  in  the  case  of  a  large  artery  would  not  cease  until 
the  last  drop  of  blood  had  been  expelled  from  the  body.  That 
this  is  not  the  case  depends  upon  the  fact  that,  when  the  loss 
of  blood  has  proceeded  to  a  certain  extent,  the  blood-pressure 
falls. 

But  not  only  does  the  amount  of  blood  that  issues  m  a  given 
time  from  a  divided  artery  depend  upon  the  pressure  behind  it, 
it  is  greater  than  the  amount  of  blood  which  passed  over  the 
same  spot  in  the  same  time  when  the  artery  was  undivided. 
This  depends  upon  the  removal  of  the  peripheral  resistance  m 
front.  The  velocity  with  which  the  blood-stream  flows  past  a 
given  point  in  the  carotid  depends  upon  the  ratio  borne  by  the 
force  of  the  heart's  beat  to  the  peripheral  resistance.  When  the 
vessel  is  divided,  peripheral  resistance,  so  far  as  the  velocity  of 
the  stream  over  the  central  end  is  concerned,  is  reduced  to  zero, 
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and,  since  the  blood-pressure  elsewhere  remains  normal  and  the 
force  of  the  heart's  beat  remains  normal,  the  velocity  of  the 
issuing  stream  is  greater  than  was  the  blood-flow  in  the 
undivided  artery.  Nicolls  has  estimated  mathematically  that  in 
man,  if  the  carotid  were  divided,  the  blood  would  spout  from  the 
central  end  of  the  vessel  with  a  velocity  twenty-one  times  as 
great  as  that  with  which  it  passes  over  the  same  spot  in  the 
undivided  artery. 

The  effects  of  severe  haemorrhage  chiefly  consist  in  an  altered 
composition  of  the  blood  and  in  anaemia  of  the  brain  :  the  former 
will  be  referred  to  in  its  proper  p\ace,  the  latter  causes  those 
epileptiform  convulsions  seen  with  severe  haemorrhage. 

YIl.  Venous  Pulsation.— In  this  and  the  preceding  chapter 
we  have  incidentally  mentioned  the  chief  variations  in  the  arterial 
pulse,  and  have  pointed  out  that  in  local  arterial  dilatation  a  true 
pulse  may  sometimes  be  observed  in  the  veins.  Venous  pulsa- 
tion, however,  is  more  commonly  met  with  in  pathology  under  a 
different  set  of  conditions.  It  is  best  seen  in  the  superficial  veins 
of  the  neck,  in  cases  where  there  is  severe  tricuspid  regurgitation. 
The  venous  pulse  of  pathology  differs  from  the  venous  pulse 
of  physiology  in  two  respects  at  least :  the  pathological  venous 
pulse  is  regurgitant  and  occurs  at  the  cardiac  end  of  the  veins 
where  they  are  large  ;  the  venous  pulse  of  physiology  is  direct, 
and  occurs  at  the  capillary  end  of  the  veins  where  they  are 
small.  The  venous  pulsation  that  occurs  in  tricuspid  incompe- 
tence is  at  times  so  forcible  that  an  organ  such  as  the  hver, 
which  is  close  to  the  heart  and  contains  many  veins,  may  pulsate 
as  a  whole. 

VIII.  Capillary  Pulsation. — Normally,  the  pulse-wave  in  the 
capillaries  is  so  small,  and  the  velocity  with  which  it  travels  is 
so  great,  that  no  pulsation  is  recognisable  in  them  at  all,  but 
under  certain  circumstances  the  intermittent  action  of  the  heart 
manifests  itself  in  these  vessels.  It  is  not  here  recognised  by  the 
sense  of  touch  as  it  is  in  the  arteries,  but  by  the  far  acuter  sense 
of  sight.  During  the  passage  of  a  pulse-wave  over  any  point, 
the  mass  of  blood  which  the  vessel  contains  when  the  wave  is 
passing  is  greater  than  that  which  exists  at  the  same  spot  either 
before  or  after  that  moment.  Were  the  arterial  walls  and  the 
superjacent  structures  transparent,  and  the  layer  of  blood  not  so 
thick  as  to  cause  one  uniform  depth  of  colour  at  the  spot,  we  may 
assume  that  a  greater  or  smaller  volume  of  coloured  corpuscles 
would  show  its  presence  by  an  increased  or  diminished  momen- 
tary redness  in  the  part.     Now  the  capillaries  manifest  this 
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transparency  of  wall  and  tenuity  of  the  layer  of  contained  blood 
sufficiently  well  for  change  of  volume  of  contained  blood  to  be 
represented  by  change  of  colour.  Hence  change  of  colour  with 
the  heart's  beat,  if  it  be  present  in  the  capillaries,  may  be  taken 
as  evidence  of  the  same  effect  of  the  heart's  beat  in  them  as  is 
the  impulse  in  the  arteries.  That  the  capillaries  themselves  may 
vary  in  hnlk  as  do  the  arteries  is  possible,  but  touch  is  not  suffi- 
ciently acute  to  perceive  a  difference  which  is  often  recognised  by 
sight  with  the  utmost  facility. 

The  momentary  flushing  of  a  part,  the  capillaries  of  which  with 
each  heart's  beat  contain  a  greater  amount  of  blood  than  normal, 
is  best  observed  on  the  inner  surface  of  the  lip,  where  the  epithe- 
lium is  comparatively  thin  and  the  number  of  capillaries  large.  If 
the  lower  lip  be  everted  and  an  ordinary  microscopic  slide  be 
pressed  upon  it,  the  phenomenon,  if  present,  will  become  visible. 
The  lip  being  convex  forwards,  the  amount  of  pressure  applied  is 
immaterial,  for  though  with  a  greater  amount  of  pressure  it  is 
further  away  from  the  centre  of  the  area  of  contact  than  with  a 
smaller  amount,  yet  a  spot  can  always  be  found  over  which  the 
pressure  is  just  sufficient  to  allow  the  pulsation  to  be  seen  to  the 
best  advantage.  Occasionally  the  pulsation  is  so  marked  that  a 
part  may  be  seen  to  flush  coincidently  with  the  heart's  beat  with- 
out any  artificial  aid. 

In  a  typical  case  of  capillary  pulsation  (viewed  by  the  above 
method)  there  is  a  central  area  into  which  no  blood  enters  owing 
to  the  pressure  of  the  slide,  but  at  some  varying  distance  from  the 
centre  is  found  an  area  or  narrow  zone  where  the  colour  becomes 
intermittently  deeper  red  and  paler,  and  the  edge  of  which  seems 
to  be  in  continuous  movement,  now  encroaching  upon,  now 
receding  from,  the  central  area  of  complete  anaemia,  which  lies 
next  it. 

Capillary  pulsation  is  essentially  a  pathological  phenomenon  ; 
according  to  the  author's  investigations,  it  is  almost  exclusively 
observed  in  cases  of  aortic  regurgitation  and  in  the  congested  zone 
surrounding  a  superficial  wound  that  is  covered  by  a  scab.  The 
explanation  of  the  phenomenon  seems  to  be  different  in  the  two 
cases. 

In  aortic  regurgitation  it  appears  to  be  caused  in  the  following 
way.  Every  pulse-wave  consists  of  two  sets  of  vibration,  one 
transverse  to  the  direction  of  the  wave,  the  other  longitudinal. 
The  amplitude  of  the  transverse  vibration  varies  directly  with 
the  diameter  of  the  vessel  through  which  it  is  passing,  and  in  the 
capillaries  it  is  so  small,  and  the  velocity  with  which  it  travels  is 
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so  great,  that  transverse  vibrations  weyer,tm(ieraw?/  circumstances, 
become  recognisable  in  these  vessels.  The  longitudinal  vibration 
■of  a  pulse-wave  is  practically  independent  of  the  diameter  of  the 
vessel  through  which  it  is  passing,  but  depends  upon  the  ratio 
•.between  the  transverse  and  longitudinal  tensions  of  the  wall. 
When  the  pressure  is  sufficiently  high  to  make  the  transverse 
tension  of  the  vessel  greater  than  tv/ice  the  longitudinal  tension 
-(as  it  is  in  a  normal  artery),  the  longitudinal  vibration  of  the 
pulse-wave  is  so  small  as  to  be  imperceptible  whether  in  arteries, 
■capillaries,  or  veins.  And  this  helps  to  account  for  the  normal 
absence  of  pulsation  in  capillaries.  But  when  the  transverse 
tension  of  the  vessel  is  less  than  twice  the  longitudinal  tension  (as 
it  probably  is  in  cases  of  aortic  regurgitation),  the  loiigitudinal 
vibrations  of  the  pulse-waves  become  perceptible ;  and  since  they 
•are  not  affected  in  the  same  way  as  the  transverse  vibrations  by 
the  diameter  of  the  vessel  through  which  the  wave  is  passing, 
■■they  show  themselves  in  the  capillaries. 

When  capillary  pulsation  occurs  in  the  neighbourhood  of  a 
scab,  it  is  probable  that  during  diastole  an  actual  recoil  of  blood 
takes  place  from  the  barrier  presented  by  the  scab  and  the  throm- 
bosed capillaries  beneath  it.  At  all  events,  in  glaucoma,  a  condi- 
tion in  which  the  intra-ocular  tension  is  increased,  and  in  which, 
therefore,  a  somewhat  similar  barrier  is  presented  at  the  entrance 
of  the  vessels  into  the  eye,  arterio-venous  pulsation  may  be 
observed  in  the  vessels  coursing  over  the  optic  disc ;  the  same 
phenomenon  may  be  observed  if  the  intra-ocular  pressure  be 
artificially  increased  by  pressing  on  the  upper  portion  of  the 
globe  with  the  finger  while  the  fundus  of  the  eye  is  under 
observation. 

It  must  be  admitted,  however,  that  the  explanation  and  the 
significance  of  capillary  pulsation  are  subjects  upon  which  there 
is  a  divergence  of  opinion.  One  reason  of  this  is  that  the  phe- 
nomenon is  sometimes — but  rarely — seen  under  other  conditions 
than  those  mentioned ;  the  chief  of  these  is  excitable  action  of  the 
heart  even  when  no  recognisable  disease  of  any  kind  is  present. 
Whether  in  these  cases  also  a  small  amount  of  aortic  regurgitation 
•occurs,  one  cannot  say,  but  judging  from  the  fact  that  excitement 
sometimes  leads  to  the  appearance  of  a  functional  systoHc  murmur 
■connected  with  the  mitral  valve,  such  an  explanation  is  not  im- 
possible. 
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CHAPTEE  VI 


THE  PATHOLOGY  OF  THE  BLOOD,  WITH  ESPECIAL 
BEFEBENCE  TO  THE  BLOOD-COBPUSCLES  AND  THE 
ANEMIAS 

Synopsis. 


I.  The  Mass  of  Blood. 
II.  The  CoagulabUity  of  Blood  : 

(i)  ExiDerimental. 

(ii)  I  Pathological    Variations  of 

(iii)  J  Coagulability. 

III.  Alkalinity  of  the  Blood. 

IV.  The   Specialised  Elements   of  the 

Blood : 

(i)  The  Eed  Corpuscles. 

(ii)  The  Colourless  Corpuscles, 
(iii)  Blood-platelets. 

V.  The  Anaemias : 

(i)  Anaemias  in  which  marked 
Leucocytic  Changes  are  ab- 
sent. 

A.  The  Principal  Change  is  a 
Diminution  in  the  Num- 
ber of  Eed  Blood-cor- 
puscles. 


V.  The  Aneemias : 

B.  The  Principal  Change  is  a 
Diminution  in  the  Hsemo- 
globin  Content  of  the  Eed 
Blood-corpuscles. 

(ii)  Ancemias  in  which  marked 

Leucocytic  Changes  are  ijre- 
sent. 

A.  Leuchsemia  or  Leucocyt- 

hsemia. 

B.  Pseudo-leuchsemia. 

(iii)  The  Varieties   of  Colourless 

Corpuscles  present  in  the 
AnEemias. 

(iv)  Sources  of  Abnormal  Blood- 

corpuscles  in  the  Anaemias. 

(v)  Effects  of  Anaemia  upon  the 

Body. 

VI.  Leucocytosis  and  Leucopenia. 


The  study  of  pathological  changes  occurring  in  the  blood  is 
rendered  difficult  by  the  fact  that  of  all  constituents  of  the  body 
the  blood  is  perhaps  the  most  unstable.  It  varies  in  quantity,  in 
specific  gravity,  in  relative  proportion  of  cells  to  plasma  and  even 
,of  onp  kind  of  cell  to  another  in  different  individuals,  and  from 
time  to  time  even  in  the  same  individual.  And  that,  too,  without 
passing  beyond  the  bounds  of  physiology.  No  pretence  to  com- 
pleteness can  therefore  be  made  in  the  following  pages,  but  an 
attempt  is  made  to  present  the  salient  points  of  the  subject. 

I.  The  Mass  of  Blood. — The  mass  of  blood  in  man  and  in 
animals  has  been  very  variously  estimated.  As  a  rule  it  has  been 
detennined  by  bleeding  an  animal  to  death,  and  then  mincing 
the  body  and  washing  the  finely  divided  particles  with  water. 
The  actual  blood  value  of  these  washings  is  then  determined 
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■colorimetrically  by  finding  the  number  of  times  a  given  volmne 
of  the  blood  obtained  from  the  artery  has  to  be  diluted  to  produce 
a  similar  tint.  In  the  case  of  man  two  such  determinations  have 
been  made  on  decapitated  criminals.  As  a  result  of  these  estima- 
tions it  has  been  concluded  that  the  blood  is  equal  to  about  yV  of 
the  body  weight,  though  the  ratio  varies  in  different  animals. 
More  recently  Haldane  and  Lorrain  Smith  have  investigated  the 
point  in  man  by  determining  the  degree  of  partial  saturation  of 
the  red  blood  corpuscles  produced  by  inhalation  of  carbon 
monoxide.  This  method  is  far  more  accurate,  and  shows  that 
though  the  blood  weight  in  perfectly  normal  men  varies  between 

and  trr  body  weight,  it  is  generally  about  -j^. 

Under  pathological  conditions,  though  we  have  no  definite 
estimations  of  the  variations  in  the  amount  of  blood,  there  is  no 
doubt  that  it  varies  between  very  wide  limits.  The  ordinary 
experience  of  the  post-mortem  room  is  full  evidence  of  this,  and 
of  the  dryness  or  moistness  of  the  tissues  generally  that 
accompanies  an  extremely  small  quantity  or  a  large  quantity  of 
blood  in  the  heart  and  great  vessels. 

II.  The  Coag-ulability  of  Blood.— (i)  Experimental.— The 
actual  cause  of  coagulation  of  blood  still  remains  somewhat  of  a 
mystery.  A  few  years  ago  it  was  regarded  as  being  dependent  upon 
the  presence  of  three  factors,  fibrinogen,  fibrin  ferment,  soluble  salts 
of  calcium.  Concerning  the  first  and  second  of  these,  there  is  no 
doubt  whatever  that  they  are  absolutely  essential  to  the  process. 
The  importance  of  a  salt  of  calcium  in  coagulation  was  first  shown 
by  J.  B.  Green,  and  the  subject  was  afterwards  investigated 
closely  by  Arthus  and  Pages,  and  others. 

If  to  the  blood  or  any  other  coagulable  fluid  a  small  amount 
of  oxala,te  of  potassium  (-2  per  cent.)  or  of  citrate  of  potassium 
(•5  per  cent.)  be  added,  the  onset  of  coagulation  may  be  retarded 
for  an  indefinite  time,  though  occasionally,  when  citrate  of 
potassium  has  been  used,  coagulation  may  occur  after  weeks  have 
passed.  It  is  generally  held,  at  least  in  the  case  of  potassium 
oxalate,  that  it  combines  with  the  calcium  normally  present  m 
the  blood  or  other  fluid  to  form  an  insoluble  salt.  The  power  to 
undergo  coagulation  is  noL  abolished  even  in  the  case  of  oxalate 
blood,  it  is  only  suspended,  for  coagulation  makes  its  appearance 
in  an  apparently  normal  manner  if  to  the  fluid  oxalate  blood  a 
.small  quantity  of  some  solution  of  a  calcium  salt  be  added. 

But  though  there  is  no  doubt  that  the  presence  of  calcium  is 
highly  favourable  to  the  onset  of  coagulation,  it  is  a  little  doubtful 
whether  it  is  absolutely  essential.    One  difliculty  in  the  way  of 
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deciding  this  point  consists  in  the  fact  that  the  amount  of  calcium 
in  question  is  extremely  minute.  Thus,  in  spite  of  the  relative 
insolubility  of  calcium  sulphate  in  water,  sufficient  is  taken  up 
for  coagulation  to  be  absent  or  to  take  place  in  an  experiment 
upon  coagulation  according  as  distilled  water  or  boiled  tap  water 
is  used  in  preparation  of  the  fluids  to  be  investigated. 

The  action  of  cobra  poison — largely,  an  albumose — upon 
coagulation  of  blood  is  very  curious,  and  raises  doubts  as  to  the 
essential  importance  of  calcium  in  the  process.  It  was  shown  by 
Kanthack,  at  a  meeting  of  the  Physiological  Society  in  1896,  that 
if  4  mgr.  of  cobra  poison  be  placed  in  a  test-tube,  and  a  normal 
rabbit  be  bled  directly  into  the  cobra  poison,  the  mixture  remains 
fluid  for  days.  If  the  same  procedure  be  adopted^  but  the  rabbit 
have  been  previously  immunised  against  cobra  poison,  the  mixture 
of  blood  and  cobra  poison  in  the  test-tube  coagulates  even  more 
rapidly  than  normal  rabbit's  blood  without  cobra  poison.  If, 
however,  a  trace  of  serum  from  an  immunised  rabbit  be  added 
to  4  mgr.  of  cobra  poison,  and  a  normal  rabbit  be  bled  into  the 
mixture,  coagulation  takes  place  immediately.  The  last  experi- 
ment is  the  more  extraordinary  in  that  the  trace  of  immunising 
serum  added  is  quite  insufficient  to  neutralise  the  toxic  effects  of 
the  cobra  poison.  The  coagulation  or  absence  of  coagulation  in 
these  three  cases  can  hardly  be  regarded  as  dependent  upon  the 
presence  or  the  absence  of  a  calcium  salt. 

The  coagulability  of  blood  may  in  some  animals  be  diminished 
by  intra-vascular  injection  of  commercial  peptone  or  of  leech 
extract.  Intravascular  injection  of  commercial  peptone — which 
really  consists  almost  entirely  of  albumoses — retards  coagulation 
of  the  blood  in  the  dog,  but  not  in  the  rabbit ;  and  even  in  the 
case  of  the  dog,  coagulation  is  at  times,  for  some  as  yet  un- 
explained reason,  unmodified. 

As  to  the  method  whereby  the  commercial  peptone  acts,  it  is 
impossible  to  dogmatise.  For  a  time  it  was  held  that  it  forms 
.an  insoluble  compound  with  the  calcium  of  the  blood,  but  this 
explanation  was  soon  found  to  be  inadequate.  Contejean  believes 
that  the  retarding  influence  on  coagulation  is  indirectly  brought 
about  by  a  ferment  elaborated  in  the  liver,  and  that  the  formation 
of  the  ferment  is  under  the  influence  of  the  hepatic  nerves,  for  he 
found  that  when  the  coeliac  ganglion  is  removed,  intra-venous 
injection  of  peptone  solution  has  no  effect  upon  coagulation  of 
the  blood.  Delezenne  found  that  if  a  solution  of  peptone  be 
passed  through  the  liver  of  a  dog  which  has  only  just  been  killed, 
a  liquid  is  obtained  able  to  suspend  coagulation  of  blood  in  vitro- 
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and  capable  of  rendering  rabbit's  blood  incoagulable  ;  these  results 
are  not  produced  by  peptone  solution  per  se.    The  liver  seems  to 
be  the  sole  organ  capable  of  producing  the  substance  under  the 
influence  of  peptone,  for  passage  of  peptone  solution  through 
intestine,  spleen,  kidney,  lung,  brain,  or  muscle  were  without 
effect.    The  results  of  Contejean  and  Delezenne  have  been  con- 
firmed by  Gley  and  Pachon.    According  to  W.  H.  Thompson  the 
effect  of  intra-venous  injection  of  peptone  differs  according  to  the 
amount  of  the  substance  which  is  introduced  into  the  circulation  ; 
if  less  than  -02  gm.  per  kilogram  of  body  weight  is  added, 
coagulation  of  the  blood  is  hastened,  but  if  more  than  that 
amount  is  added,  coagulation  is  retarded.    A  similar  peculiarity 
with  regard  to  their  action  upon  coagulation  has  been  noted  by 
Horne  in  the  case  of  salts  of  the  alkaline  earths.    He  found  that, 
though  coagulation  does  not  take  place  in  the  absence  of  a  soluble 
compound  of  one  of  these  elements,  and  though  the  addition  of  a 
small  quantity  hastens  coagulation,  the  addition  of  a  greater 
amount  than  -5  per  cent,  retards  the  onset  of  coagulation. 

To  the  three  factors  which  have  been  mentioned  above,  Dastre 
and  Floresco— in  the  case,  at  least,  of  peptone  plasma— added 
a  fourth,  viz.  the  reaction  of  the  fluid.  They  found  that  fluids 
which  have  been  rendered  non-coagulable  by  the  action  of  peptone 
are  alkaline,  and  that  the  non-coagulability  disappears  if  the  fluids 
are  neutralised  or  rendered  faintly  acid.  In  accordance  with  this 
observation  is  the  fact  that  venous  blood  coagulates  more  rapidly 
than  arterial  blood. ^ 

During  the  last  few  years,  however,  certain  facts  of  great 
importance  have  been  discovered.  Delezenne  showed  that  if 
excessive  care  were  taken  to  prevent  admixture  of  even  the 
slightest  amount  of  tissue  fluid  with  the  blood  as  it  was  taken 
from  the  artery,  and  in  certain  cases,  if  in  addition  it  was  received 
into  tubes  coated  internally  with  parafiin  wax,  coagulation  could 
be  deferred  almost  indefinitely.  Wright  added  the  point  that  the 
factor  in  this  '  tissue  fluid  '  is  a  constituent  of  fresh  lymph,  for 
lymph-serum  produces  but  little  effect.  Bordet  and  Gengou 
carried  out  a  series  of  experiments  with  blood  plasma  of  geese 
and  of  rabbits  obtained  after  Delezenne's  method,  and  by  a 
procedure  similar  to  that  adopted  generally  for  the  production  of 
anti-bodies,  obtained  an  anti-fibrin-ferment  in  the  serum  of 
animals.  Such  an  artificially  prepared  serum  inhibited  coagulation 
when  added  to  an  otherwise  coagulable  fluid.    This  observation 


'  This  statement  is  denied  by  some  authors. 
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goes  far  to  explain  Kanthack's  experiment  mentioned  above,  and 
the  variable  results  obtained  with  injections  of  peptone.  Moreover 
it  is  well  in  accordance  with  present  views  that  specific  ferment- 
hke  bodies  should  be  manufactured  locally,  and  that  their  action 
should  be  largely  influenced  by  the  presence  of  salts  in  the  fluid, 
by  its  reaction,  &c. 

(ii)  Pathological  Increase  of  Coag-ulability.  Thrombosis.— 
We  have  already  considered  this  subject  so  far  as  concerns  the 
influence  of  the  vessel  wall  upon  thrombosis  and  the  circulatory 
changes  which  are  induced  by  the  presence  of  a  thrombus  in  a 
blood-vessel.  We  must  now  consider  the  formation  of  a  thrombus 
somewhat  more  closely  and  from  the  point  of  view  of  the  blood 
itself. 

According  to  the  difference  of  opinion  as  to  whether  the  fibrin, 
ferment  is  formed  from  blood-platelets,  or  is  formed  from  the 
colourless  cells  of  the  blood,  so  the  first  step  in  the  formation  of  a 
thrombus  in  a  blood-vessel  is  differently  described  by  different 
8Aithors.  According  to  Hayem,  Bizzozero,  and  Eberth  and 
Schimmelbusch,  the  blood-platelets  j)lay  the  principal  part  in  the 
process ;  according  to  Zahn,  Cohnheim  and  others,  the  leucocytes 
are  the  all-important  elements.  Eberth  and  Schimmelbusch 
maintain  that  thrombosis  only  occurs  when  the  blood-stream  is 
so  far  slackened  that  the  blood-platelets,  which  normally  travel  in 
the  axial  stream,  are  no  longer  confined  to  it,  but  come  into 
contact  with  the  vessel  wall.  They  regard  injury  of  endothelium 
alone,  therefore,  as  not  being  a  sufficient  cause  for  thrombosis ; 
to  it  must  be  added  slackening  of  the  blood-flow.  On  the  other 
hand,  mere  standstill  of  the  blood  is  not  sufficient  to  cause 
coagulation,  for  Baumgarten  showed  long  ago  that  if  a  blood- 
vessel be  ligatured  in  two  places,  and  care  be  taken  not  to  divide 
the  intima,  to  disturb  the  vasa  vasorum  as  little  as  possible,  and 
to  carry  out  the  whole  operation  with  strict  asepsis,  the  included 
column  of  blood  may  remain  fluid  for  weeks  or  months. 

According  to  Eberth  and  Schimmelbusch,  then,  the  first  step 
in  the  formation  of  a  thrombus  is  the  collection  of  a  number  of 
blood-platelets  at  some  point  on  the  vessel  wall ;  these  by  their 
disintegration  give  rise  to  fibrin  ferment,  and  fibrin  is  deposited 
along  with  more  blood-platelets  upon  the  primary  mass.  Thence- 
forward the  increase  in  size  of  the  thrombus  is  easy.  They 
allow  that  the  agglomeration  of  leucocytes,  which,  according  to 
Zahn,  is  the  first  step  in  the  process,  is  to  be  seen,  for  example, 
when  inflamed  mesenteric  capillaries  and  venules  are  examined 
under  the  microscope,  but  they  maintain  that  these  agglomerations 
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are  only  temporary,  and  therefore  cannot  be  the  cause  of 
thrombus  formation. 

J.  Arnold,  finding  that  particles  of  wheat  meal  injected  into 
the  jugular  vein  very  soon  become  surrounded  by  leucocytes,  has 
suggested  that  perhaps  spontaneous  thrombosis  may  be  brought 
about  by  a  somewhat  different  process  from  that  which  leads  to 


Fig.  5. — Fibrin  in  an  Alveolus  of  the  Lung  (lobar  pneumonia),     x  300. 

Stained  by  Weigert's  method  for  fibrin.  The  coagulum  has  shrunk  from  the 
distended  alveolar  wall  during  preparation.  The  figure  shows  the  greater 
density  of  the  fibrinous  raeshwork  towards  the  periphery  generally,  and 
also  the  fact  that  even  in  the  periphery  there  are  certain  foci  from 
which  coagulation  seems  to  have  started. 

thrombosis  around  an  embolism,  and  therefore  that  both  Eberth 
and  Schimmelbusch  and  Zahn  may  be  right. 

Kemp  and  Calhoun  investigated  the  question  of  the  relation 
of  platelets  and  leucocytes  to  coagulation  by  a  method  of 
'  fractional  defibrination.'  A  portion  of  the  blood  of  the  animal 
was  removed,  defibrinated,  and  returned  to  the  animal.  This  was. 
repeated  six  to  ten  times,  until  the  blood  no  longer  clotted.  The 
authors  found  that  the  platelets  diminished  in  numbers  pro- 
gressively with  each  defibrination,  and  disappeared  entirely  when 
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the  blood  was  no  longer  coagulable.  On  the  other  hand,  leuco- 
cytes were  always  present.  Further,  it  was  the  exception  for 
leucocytes  to  form  nodes  in  the  fibrin  network  when  coagulation 
occurred,  while  it  was  the  rule  for  masses  of  platelets  to  do  so. 

How  far  the  entire  pathology  of  thrombosis  may  have  to  be 
reconsidered  in  the  light  of  recent  work  on  coagulability  of  blood 
i«  at  present  uncertain.  It  is 'clear,  however,  that  injuries  to  the 
vessel  wall  may  act  by  allowing  admixture  of  fresh  lymph  with 
the  blood,  and  that  the  possible  existence  of  coagulins  or  anti- 
coagulins  in  the  blood  will  have  to  be  taken  into  account. 

Appearance  of  a  Thrombus. — The  macroscopic  appearance  of 
a  thrombus  is  greatly  modified  by  the  rapidity  or  the  slowness 
with  which  it  is  laid  down.  If  laid  down  slowly  (in  a  vessel, 
therefore,  through  which  the  blood  is  passing  wifch  some  con- 
siderable degree  of  velocity,  as,  for  example,  on  the  wall  of  a 
saccular  aneurysm),  it  is  of  a  greyish -white  colour,  and  has  a 
well-marked  laminated  appearance  on  section  ;  if  it  is  laid  down 
more  rapidly,  among  the  strands  of  fibrin  are  entangled  varying 
numbers  of  red  blood-corpuscles,  which  lend  to  the  mass  a 
greyish-red  or  brown  appearance  ;  while  if  it  be  laid  down  within 
quite  a  short  time  from  blood  which  is  scarcely  moving,  it  is  red. 
Thrombi  are,  therefore,  spoken  of  as  'white,'  'red,'  and  'mixed.' 
A  true  thrombus,  or,  as  it  is  sometimes  called,  an  '  ante-mortem 
clot,'  being  deposited  from  blood  which  is  still  in  motion,  has  a 
very  different  appearance  from  a  post-mortem  clot ;  the  latter  is 
moister  than  a  thrombus,  is  never  adherent  to  the  vessel  wall, 
and  never  laminated,  though  it  may  show  a  division  into  a  pale 
and  a  dark  portion,  from  the  fact  that  coagulation  has  not  taken 
place  until  the  specifically  heavier  red  blood-corpuscles  for  the 
most  part  have  sunk.  It  is  true  that  at  times  there  is  a  difficulty 
in  distinguishing  simple  blood-clot  from  red  thrombus,  but  these 
are  cases- in  which  the  thrombus  has  been  formed  during  the  last 
hours  of  life,  and  even  then,  on  examining  into  the  relation  which 
the  coagulum  bears  to  the  vessel  wall,  the  difficulty  usually 
cfisappears. 

Fate  of  Thrombi.— The  ultimate  fate  which  a  thrombus 
undergoes  depends  entirely  upon  whether  it  is  septic  or  aseptic. 
If  septic,  it  must  infallibly  undergo  disintegration  ;  but  if  aseptic, 
it  may  either  become  organised,  that  is,  replaced  by  vascnlarised 
fibrous  tissue,  or  ic  may  become  the  seat  of  calcification  or  of 
simple  central  softening.  None  of  these  terminations  call  for 
prolonged  consideration  here.  Organisation  may  be  left  for  the 
present,  since  it  will  be  discussed  along  with  tlie  subject  of  repair; 
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and  disintegration  of  a  septic  thrombus  may  be  passed  over  since 
it  offers  no  differences  from  the  softening  of  tissue  that  accom- 
panies the  formation  of  an  abscess.  Concerning  calcification  of 
thrombi,  it  is  only  necessary  to  state  that  it  leads  to  the  formation 
of  concretions  which  are  known  as  '  phleboHths  '  or  '  vein-stones.' 
Simple  softening  of  thrombi  is'  more  commonly  seen  in  the  large 
globular  thrombi  of  the  heart  than  in'  any  other  region.  It 
commences  in  the  centre  of  the  thrombus  and  gradually  proceeds 
towards  the  periphery,  converting  the  solid  fibrin  into  a  more  or 
less  viscid  material  of  creamy  consistency,  the  colour  of  which  is 
yellow  if  the  thrombus  was  originally  white,  or  a  more  or  less 
reddish-brown  if  the  thrombus  was  originally  mixed.  The  process 
is  essentially  a  chronic  one,  and  at  times  the  amount  of  softened 
material  is  so  great,  and  the  wall  formed  by  the  unaltered  thrombus 
is  so  thin,  that  the  sensation  known  as  'fluctuation'  may  be 

observed.  •  .  t 

Thrombosis,  particularly  in  veins,  occurs  under  a  variety  ot 
circumstances  in  the  human  subject  in  which  it  is  impossible  to 
decide  whether  the  condition  depends  upon  an  alteration  of  the 
vessel  wall  or  upon  an  increased  coagulability  of  the  blood,  or 
upon  both  of  these  factors.  Thus  in  severe  anemia,  during  con- 
valescence after  serious  and  prolonged  illnesses,  even  if  they  have 
been  unaccompanied  by  sepsis  {e.g.  typhoid  fever  or  abdominal 
operations),  thrombosis  of  the  veins  in  the  leg  is  not  uncommon. 
In  such  cases  it  seems  more  reasonable  to  conclude  that  the 
blood  itself  is  the  prime  factor  at  fault. 

It  is  hardly  necessary  to  repeat  that,  whether  a  thrombus  be 
septic  or  aseptic,  portions  may  be  broken  off  and  carried  to  distant 

parts  as  emboli. 

Besides  the  local  formation  of  thrombi,  the  blood  generally 
may  show  a  greater  tendency  than  normal  towards  coagulation. 
Experimentally,  this  condition  may  be  induced  in  many  ways. 
Thus,  extensive  and  fatal  intra-vascular  clotting  of  the  blood  takes 
place'after  intra-vascular  injection  of  a  solution  of  nucleo-proteid. 
In  human  pathology  little  is  known  on  the  subject,  but  the  blood 
taken  from  an  inflamed  area  shows  an  increased  tendency  to 
coagulate.  This  very  probably  is  due  to  the  fact,  that  along  with 
the^blood  is  mixed  a  certain  amount  of  inflammatory  exudation 
which  contains  large  numbers  of  leucocytes  or  the  products  of 

their  destruction.  tv/t  rr 

(iii)  Pathological  Diminution  of  Coag-ulability.  —  Many 
pathological  conditions  are  known  under  which  the  coagulability 
of  the  blood  is  diminished.    Such  are  the  constitutional  disease 
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known  as  hiemophilia  and  conditions  in  which  some  toxic  body  is 
circulating  in  the  blood.  Thus,  after  death  from  asphyxia  or 
poisoning  by  carbonic  oxide  gas  or  by  hydrocyanic  acid,  or  from 
septicaemia  or  the  bite  of  venomous  serpents,  the  blood  in  the 
heart  and  veins  may  be  found  fluid  for  as  long  as  twenty-four 
hours.  The  blood  change  in  septicaemia  and  after  bites  from 
venomous  serpents  is  of  particular  interest,  because  the  fact  that 
snake  venom  contains  albumose  and  that  so  many  of  the  toxic 
bodies  elaborated  by  micro-organisms  are  albumoses,  brings  the 
retardation  of  coagulation  in  these  cases  close  to  the  retardation 
which  is  induced  by  intra-vascular  injection  of  commercial  peptone ; 
whatever  it  may  be,  the  cause  of  the  retardation  in  both  cases  is 
probably  the  same. 

It  has  frequently  been,  suggested  that  the  bleeding  in  hamo- 
phiKa  is  due  to  diminished  coagulability  of  the  blood.  Judging 
from  the  fact  that  in  some  cases  of  haemophilia,  haemorrhage  can  be 
arrested  by  the  local  application  of  a  solution  of  calcium  chloride, 
and  that  recurrence  of  haemorrhage  can  be  prevented  by  internal 
administration  of  calcium,  it  seems  probable  that  an  insufficient 
supply  of  this  substance  in  the  blood  is  sometimes  the  ultimate 
cause  of  the  characteristic  bleeding.  Much  work  has  been  done 
on  this  point  by  A.  E.  Wright.  But  in  other  cases  neither  local 
nor  internal  administration  of  calcium  produces  the  slightest 
effect,  and  one  therefore  looks  towards  the  organic  factors  of 
coagulation  for  an  explanation,  and  among  them  in  particular  to 
the  colourless  cells  of  the  blood  and  the  blood-platelets.  So  far, 
however,  no  satisfactory  explanation  of  the  '  bleeding  habit '  has 
been  given  in  this  direction,  and  indeed  the  fact  that  profuse 
haemorrhages  sometimes  occur  as  the  result  of  trivial  blows 
suggests  that  it  may  not  be  the  blood  which  is  at  fault  but  rather 
the  blood-vessels.  Histological  changes  have  been  described  in 
the  small  blood-vessels  (Kidd),  and,  according  to  von  Limbeck, 
the  cause  is  to  be  sought  in  some  toxic  substance,  at  present  un- 
known, which  alters  the  constitution  of  the  finest  branches  of  the 
vessels  in  such  a  way  that  they  rupture  either  spontaneously  or 
from  slight  causes. 

III.  Alkalinity  of  the  Blood.— A  considerable  amount  of  ex- 
perimental work  has  been  done  upon  the  alkaHnifcy  of  the  blood, 
but  owing  to  certain  difficulties  in  the  subject  the  results  are  not 
conclusive  except  upon  broad  lines.  Behrend  and  Preisich  found 
that  in  man  alkalinity  is  highest  between  birth  and  the  end  of 
the  first  year,  lowest  from  the  first  to  the  third  year,  when  it 
commences  a  gradual  rise  until  it  reaches  a  fairly  constant  level 
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in  adult  life.  Lowy  found  that  though  there  are  great  variations 
in  degree  of  alkalinity  in  different  individuals,  yet  in  the  same- 
individual  during  health  variations  are  very  slight.  Fodor  showed 
that  in  infection  there  occurs  a  regular  diminution  in  alkalinity  of 
the  entire  blood  and  of  the  serum,  which  persists  in  fatal  cases,  but 
returns  again  to  the  normal  in  cases  which  recover.  This,  indeed, 
is  the  chief  fact  that  is  known  on  the  subject,  and  it  has  been 
amply  confirmed.  Eigler  investigated  the  subject  and  showed 
conclusively  that  the  change  is  general  and  not  specific.  A  fall 
in  alkalinity  also  occurs  in  fever,  in  diabetic  coma,  and  m 
leuchsemia. 

IV.  The  Specialised  Elements  of  the  Blood.— (i)  The  Red 
Cells  of  the  Blood.— (a)  Varieties  present  in  ^ZoocZ.— Variations 
of  red  blood-corpuscles  within  physiological  limits  are  relatively 
few.  It  is  known  that  the  red  corpuscles  are  not  of  uniform  size, 
and  Hayem  distinguished  in  the  blood  of  adults  (1)  small  or 
dwarf  corpuscles  which  have  a  diameter  of  6-6-6  /x,  and  form 
about  12  per  cent,  of  the  red  cells,  (2)  medium-sized  corpuscles 
which  have  a  diameter  of  7-5  and  form  about  75  per  cent,  of 
the  red  cells,  and  (3)  large  or  giant  corpuscles  which  have  a 
diameter  of  8-9  fi  and  form  about  12  per  cent,  of  the  red  cells. 
In  addition  to  these,  there  are  in  normal  blood  small  numbers  of 
irregular  cells  which,  from  their  small  size  (usually  2-5-3  jx),  are 
known  as  microcytes.  Under  pathological  conditions  the  number 
of  microcytes  is  apt  to  increase  considerably ;  it  is  possible  that 
they  are  merely  disintegration  products  of  red  blood-corpuscles. 
In  infancy,  besides  the  above-mentioned  varieties,  giant  corpuscles 
(megalocytes)  are  also  to  be  found  with  a  diameter  of  10  fM  or 


more. 


A  distinctly  pathological  condition  is  that  in  which  poikilocytes 
are  present.  Poikilocytes  are  degenerated  forms  of  red  blood- 
corpuscle  in  which  the  normal  discoidal  outline  of  the  corpuscle 
gives  place  to  an  irregular  spinous  appearance.  The  corpuscles 
are  shrunken,  they  have  to  a  large  extent  lost  their  normal 
tendency  to  form  rouleaux  when  the  blood  is  shed,  but  they 
frequently  remain  more  or  less  bi-concave. 

Another  form  of  degeneration  to  which  red  blood-corpusck- 
are  hable  is  that  which  has  been  studied  especially  by  Maragliano. 
It  consists  in  death  or  necrobiosis  of  the  cell,  whereby  it  loses  that 
elective  receptivity  for  certain  stains  {e.g.  eosin)  which  charac- 
terises normal  blood-corpuscles  when  a  film  of  dried  blood  on  a 
cover-shp  is  exposed  to  a  mixture  of  stains  {e.g.  eosin  a^id  methy- 
lene blue).    This  necrobiosis  takes  place  first  in  the  centre  of  the 
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(Cell  and  shows  itself  either  by  an  irregular  or  diffuse  staining,  or 
•else  by  a  disappearance  of  the  colouring  matter  of  the  blood  in 
this  situation,  and  the  appearance  on  staining  of  a  colourless 
centre  surrounded  by  a  broader  or  narrower  triangular,  circular, 
•or  elliptical  outline  of  stained  material.  The  necrobiotic  process 
is  accompanied,  according  to  Maraghano,  by  active  amoeboid 
movements  of  the  peripheral  portions  of  the  cell,  which  thrusts 
out  pseudopodia ;  the  corpuscle  ultimately  comes  to  form  a 
poikilocyte.  Both  poikilocytosis  and  necrobiotic  degeneration 
■are  most  commonly  met  with  in  cases  of  severe  anaemia  and 
in  conditions  in  which  the  blood-plasma  has  been  altered  by 
the  addition  to  it  of  different  kinds  of  toxic  material,  such  as 
chloroform,  weak  acids  and  alkalies. 

In  a  considerable  number  of  conditions,  particularly  those  in 
which  there  is  severe  antemia  or  in  which  blood  poisons  such  as 
lead  &c.  have  acted,  certain  of  the  red  blood-corpuscles  show 
evidences  of  a  granular  change.  These  granules  frequently  stain 
with  basic  dyes,  and  the  condition  may  be  met  with  in  association 
with  Maragliano's  polychromatophilic  change.  There  is  some 
doubt  as  to  whether  the  granules  are  derived  from  the  protoplasm 
of  the  corpuscle  or  represent  a  breaking-down  nucleus,  and 
whether  the  condition  itself  is  to  be  regarded  as  of  a  degenerative 
-or  a  regenerative  character.  The  balance  of  evidence  is  in  favour 
of  the  view  that  the  change  is  entirely  degenerative. 

Besides  the  normal  and  degenerated  forms  of  red  blood- 
■corpuscles,  in  all  cases  of  anaemia  there  is  to  be  found  a  greater 
or  smaller  number  of  nucleated  red  blood-corpuscles.  Ehrlich 
divides  these  into  normoblasts  and  megaloblasts  or  gigantoblasts. 
Normoblasts  are  nucleated  red  blood-corpuscles  of  the  size  of  a 
normal  red  blood-corpuscle ;  the  nucleus  stains  readily  with  basic 
dyes  such  as  methylene  blue,  and  the  cell  body  with  acid  dyes 
such  as  eosin.  As  a  rule,  the  nucleus  is  single,  but  occasionally 
rnore  than  one  is  present,  or  the  single  nucleus  may  be  multi- 
partite. Megaloblasts  are  twice  to  four  times  the  size  of  normo- 
blasts, contain  much  haemoglobin,  and  differ  (according  to  Ehrlich) 
from  normoblasts  in  that  their  nuclei  are  not  extruded  from  the 
cell  to  form  red  blood-corpuscles,  as  he  believes  is  the  case  with 
normoblasts,  but  degenerate  within  the  cell  and  are  finally  broken 
up.  On  the  breaking  up  of  the  nucleus  the  megaloblast  becomes 
-converted  into  a  megalocyte. 

(b)  Numbers  present  in  Blood. —  Speaking  broadly,  it  may  be 
said  that  the  blood  of  a  healthy  adult  man  contains  5,000,000  red 
blood-corpuscles  per  cubic  millimetre,  and  that  the  blood  of  a 
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■healthy  adult  woman  contains  4,500,000  red  blood-corpuscles  per 
cubic  millimetre.  These  figures,  however,  are  only  approximate, 
for  the  estimations  of  different  authorities  vary  between  such 
wide  limits  as  3,000,000  and  7,000,000  per  cubic  millimetre; 
nevertheless,  3,000,000  would  be  by  most  authors  regarded  as 
clear  evidence  of  oligocythsemia  and  7,000,000  as  equally  clear 
evidence  of  polycythaemia. 

Oligocytheemia  naturally  comes  to  be  classed  among  the 
anaemias,  and  it  will  not  be  considered  here,  though  it  must  be 
noted  that  abstinence  from  food,  even  if  short  of  starvation, 
reduces  the  number  of  red  blood-cells  to  a  certain  extent. 

Polycythaemia  is  best  seen  in  the  case  of  new-born  infants. 
Schiff  gives  a  table  which  shows  that  the  number  of  red  blood- 
corpuscles  in  a  certain  case  during  the  first  five  days  of  life  was 
above  0,000,000  per  cubic  millimetre.  The  number  on  the  second 
day  of  life  was  nearly  8,500,000,  but  it  rapidly  decreased  and 
reached  the  normal  on  the  sixth  day.  A  relative  degree  of  poly- 
cythaemia, of  course,  exists  in  every  case  in  which  the  volume  of 
the  blood-plasma  is  diminished  from  whatever  cause,  without  a 
corresponding  diminution  in  the  number  of  red  blood-corpuscles  ; 
it  is  therefore  probable  that  part,  at  all  events,  of  the  polycyt- 
haemia of  the  new-born  depends  upon  the  loss  of  fluid  which  the 
child  suffers  upon  the  establishment  of  respiration,  a  loss  which  is 
not  counterbalanced  during  these  early  days  of  life  by  a  corre- 
-sponding  intake. 

The  number  of  red  blood- corpuscles  also  varies  according  to 
the  nutrition  of  the  individual,  the  season  of  the  year,  the  altitude 
at  which  the  individual  lives,  the  chmate,  tropical  or  temperate, 
and  (in  the  case  of  women)  during  pregnancy,  lactation  and  at 
the  cHmacteric.  But  of  these  physiological  variations  it  is  unneces- 
sary to  speak,  especially  in  view  of  the  fact  that  upon  the  whole 
subject  there  are  practically  but  three  points  upon  which  authorities 
-are  fully  agreed,  and  these  are  :  1,  that  polycythaemia  occurs  in 
-new-born  infants  ;  2,  that  polycythaemia  occurs  when  nutritive 
conditions  are  extremely  good  ;  and  3,  that  oHgocythaemia  occurs 
when  the  nutrition  is  insufficient. 

(ii)  The  Colourless  Corpuscles  of  the  Blood.— (a)  Varieties 
present  in  Blood.— Thsit  the  colourless  corpuscles  (wandering 
cells,  leucocytes)  of  the  blood  are  not  all  of  one  Ifind  was  recog- 
nised by  Wharton  Jones  in  1846.  He  divided  thejm  into  granular 
•and  nucleated  cells,  while  he  recognised  further  tiaat  some  of  the 
granules  are  fine,  others,  coarse.  Max  Schultze  in  1865  examined 
the  living  cells  on  the  warm  stage  and  described  (a)  small  round 
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cells  with  large  nucleus  and  no  amoeboid  movements ;  {h)  cells 
larger  than  {a)  with  more  protoplasm  and  showing  amoeboid 
movement ;  (c)  mono-  or  poly-nucleated  cells  with  fine  granules, 
showing  amoeboid  movement,  these  being  the  commonest  of  all 
the  colourless  blood-cells  ;  {d)  amoeboid  cehs  with  large  numbers 
of  coarse  grannies.  In  1878  and  the  succeeding  years  Ehrlich 
revolutionised  the  study  of  colourless  cells  by  showing  that  the 
gi-anules  react  in  different  ways  to  staining  reagents.  He  had 
already  found  that  in  staining  by  various  dyes— principally  deriva- 
tives of  anilin— the  staining  property  is,  in  some  cases,  associated 
with  the  acid  portion  of  the  compound,  sometimes  with  the  basic 
portion,  and  sometimes  with  the  neutral  '  salt '  that  is  formed  by 
the  combination  of  the  acid  and  base.  He  therefore  divided 
stains  into  acid  {e.g.  eosin),  basic  {e.g.  methylene  blue),  and 
neutral  {e.g.  formed  in  a  mixture  of  methylene  blue  and  '  acid 
fuchsin  ').  He  distinguished  the  granule-bearing  colourless  cells 
according  as  their  granules  stained  with  one  or  other  of  these 
dyes  when  they  were  exposed  to  a  mixture  of  all  three.  He 
described  five  forms  of  granulation,  which,  in  the  case  of  the 
blood,  gave  the  following  classes  : 

(1)  Cells  with  granulation  a. — The  granules  are  large  and  stain 

brilliantly  with  eosin.  These  cells  he  therefore  called 
shortly  '  eosinophil '  cells. 

(2)  Cells  loith  granulation  /3. — The  granules  are  fine  and  stain 

both  with  acid  and  basic  dyes  in  a  mixture  of  both. 
The  cells  are  therefore  termei  '  amphophil  ;  '  these  cells 
Ehrlich  found  in  the  rabbit. 

(3)  Cells  toitli  granulation  7.— The  granules  are  large  but  not 

so  large  .as  in  granulation  a,  they  stain  with  basic  dyes, 
and  the  cells  are  therefore  '  basophil '  with  coarse 
granules.  These  cells  are  represented  principally  by  the 
'  Mastzellen,'  large  cells  found  in  connective  tissue  in 
most  vertebrates,  but  represented  in  human  blood  only 
in  certain  cases  of  leuchaemia. 

(4)  Cells  loith  granulation  h. — Mononuclear  cells,  the  granules 

of  which  stain  with  basic  dyes  and  are  small. 

(5)  Cells  with  granulation  s.- — Polynuclear  cells,  the  granules  of 

which  are  '  neutrophil,'  staining  neither  with  acid  nor 
with  basic  dyes.  These  cells  are  the  most  common  of 
all  h£emal  leucocytes. 

Kanthack  and  Hardy,  working  principally  with  the  frog  and 
rat,  found  that  the  colourless  cells  of  the  body  differ  according  as 
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their  normal  situation  is  the  blood  or  the  body  cavity,  with  which 
is  included  the  connective  tissue  spaces.  Speaking  generally,  the 
former  or  haemal  wandering  cells  are  characterised  by  their 
smaller  size  and  the  smaller  size  of  their  granules,  the  latter  or 
coelomic  wandering  cells  are  characterised  by  their  larger  size  and 
the  larger  size  of  their  granules.  They  found  that  Ehrlich's 
'  neutral '  dye  is  not  neutral  but  really  faintly  acid,  and  that  the 
neutrophil  and  amphophil  granulations  are  really  faintly  acidophil 
or  oxyphil.  They  therefore  simplified  the  classification  of  the 
wandering  cells  of  the  body  by  arranging  them  in  the  following 
way  : 

["  Finely  granular. 
I  Coarsely  granular. 
I  Finely  granular. 
I  Coarsely  granular. 


I.  Oxyphil  cells. 
II.  Basophil  cells. 


III.  Hyaline  cells. 

IV.  Lymphocytes. 

Metclinikoff,  from  the  phenomenon  which  is  commonly 
observed  among  the  wandering  cells  of  the  body  of  engiobing 
foreign  particles  of  various  kinds,  has  named  certain  of  them 
'phagocytes,'  and  he  distinguishes  two  varieties,  'macrophages' 
and  *  microphages.'  The  former  are  to  be  met  with  in  a  variety 
of  situations,  and  especially  in  the  liver  ;  their  general  appearance 
is  that  of  a  hyaline  or  an  endothelioid  cell.  The  microphages'are 
the  finely  granular  oxyphil  (neutrophil)  cells  of  the  blood. 

In  the  following  table  are  collated  the  different  classifications 
of  the  varieties  of  leucocyte  or  wandering  cell  that  have  been  men- 
tioned above. 

Collation  of  the  different  Classifications  of  the  Varieties  of 

Leucocytes  (Adami). 


Kautlinck  nud 
Hardy. 

EhrUch. 

Metchnikoff. 

Max  Schultze. 

AVharton  Jones. 

Lymphocyte. 
Hyaline  cell. 
Coarsely  granular 
oxyphil  cells. 

Finely  granular  f 
oxyphil  cells.  '( 

Coarsely  granular 
basophil  cells. 

Finely  granular 
basophil  cells. 

Lymphocyte. 
Eosinophil  cell. 

Neutrophil  1  ,, 
Amphophil  n^"^" 
Basophil  cells  with 

y  -  granulation. 

Mastzellen. 
Basophil  cells  with 

6  -  granulation. 

Lymphocyte. 
Macrophage. 
Eosinophil 
cell. 

Microphage. 

Small  round  cell  I. 

Large  round  cell  It. 

Cells  with  ccwsely 
granular  proto- 
plasm. 

Cells  with  finely  gra- 
nular protoplasm. 

Cells  with  finely  gra- 
nular protoplasm. 

Non-granular  nu- 
)     cleated  cells. 

Granule  cells, 
coarsely  gra- 
nular. 

Granule  cell=. 
finely  granular. 

?  Granule  cells, 
finely  granular. 

For  the  sake  of  uniformity  it  is  convenient  to  give  here  a 
table  of  the  different  varieties  of  leucocytes  both  physiological 
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and  pathological,  and  the  names  which  are  applied  to  them  in  -the 
following  pages. 

Granular  cells.  Noii-graniilar  cells. 

Fine  granules.  Hyaline. 

Coarse  granules.  Lymphocytes. 
[                [Fine  granules. 

Pathological.  \  -t^asophil.  j  Q^g^^gg  granules.  Atypical  hyaline. 

I  Atypical  oxyphil  (Myelosytes).  (Myelocytes). 

In  reference  to  the  above  table  it  must  bs  mentioned  that 
basophil  cells  are  not  absolutely  pathological,  for  they  may  be 
present  in  very  small  numbers  in  normal  blood.  Further 
synonyms  in  common  use  are  as  follows  :  the  finely  granular 
oxyphil  cell  is  frequently  termed  a  '  polymorph-nuclear  '  or  more 
shortly  a  'polynuclear  '  leucocyte,  while  the  hyaline  cells  and 
lymphocytes  are  often  termed  large  and  small  '  mononuclear ' 
cells  respectively.  A  very  general  and  common  synonym  for  the 
-coarsely  granular  oxyphil  cell  is  the  '  eosinophil  '  cell. 

The  general  opinion  that  lymphocytes  are  not  capable  of 
amoeboid  movement  has  recently  been  brought  into  question  by 
Jolly,  Hirschfeld,  Wolff,  and  others.  Using  the  agar  plates  de- 
vised by  Deetjen  for  examination  of  blood-platelets,  they  have 
found  a  definite  movement  of  lymphocytes  which  they  regard  as 
vital.  The  point  cannot,  however,  be  regarded  as  settled.  It  is 
agreed  that  all  other  varieties  of  normal  leucocytes  possess  the 
power  of  amoeboid  movement, 

(6)  Numbers  present  under  Physiological  Conditions. — Subject 
to  the  reservations  made  below,  the  number  of  leucocytes  in 
normal  blood  may  be  said  to  be  about  10,000  per  cubic  miUi- 
metre.  In  human  blood  the  hyaline  cells  and  lymphocytes  con- 
stitute about  20-30  per  cent,  of  the  total  number  of  leucocytes, 
the  finely  granular  oxyphil  cells  constitute  60-70  per  cent.,  and 
the  coarsely  granular  oxyphil  cells  constitute  1-5  per  cent.  It 
is  impossible  to  give  more  definite  proportions  than  the  above, 
as  the  variations  are  very  great,  but  it  may  roughly  be  said  that 
in  human  physiological  blood  the  vast  bulk  of  leucocytes  consists 
of  finely  granular  oxyphil  cells  and  lymphocytes,  and  that  if  the 
proportion  of  the  former  be  low,  there  is  generally  a  greater 
proportion  than  normal  of  lymphocytes. 

Physiological  variations  in  the  numbers  of  leucocytes  are  even 
more  common  than  physiological  variations  in  the  number  of  red 
blood-corpuscles.  Increase  in  the  number  of  leucocytes  is  spoken 
■of  under  the  general  name  of  '  leucocytosis,'  and  there  is  a  physio- 


Normal.  Oxyphil. 
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logical  and  a  pathological  leucocytosis  as  well  as  one  brought  about 
by  the  action  of  certain  drugs.  A  physiological  leucocytosis  occurs 
in  digestion,  when  the  number  of  leucocytes  in  the  blood  is  fre- 
quently doubled ;  here  the  increase  is  principally  due  to  the 
number  of  lymphocytes  which  are  washed  into  the  blood  from 
the  lymphatic  glands  by  the  lymph  and  chyle,  the  amount  of 
which  and  the  rapidity  of  flow  of  which  are  increased  during 
digestion.  In  starvation  the  number  of  leucocytes  in  the  blood 
diminishes  (' leucopenia ').  Thus,  in  the  case  of  the  fasting 
man  Succi,  it  was  found  that  the  number  of  leucocytes  in  his 
blood  fell  during  the  first  week  of  his  fast  from  14,530  per  cubic 
millimetre  to  861  per  cubic  millimetre.  In  the  new-born  a 
leucocytosis  constantly  occurs ;  it  is  comparable  to  the  poly- 
cythaemia  which  we  have  already  described,  and  probably  owns 
somewhat  the  same  explanation.  In  pregnancy  a  leucocytosis, 
though  common,  is  not  invariable.  Pathological  leucocytosis 
and  leucopenia  will  be  considered  later. 

(iii)  The  Blood-platelets.— (a)  Characters. — Blood-platelets 
were  first  described  under  that  name  by  Bizzozero  in  1882,  but 
they  are  the  same  elements  as  Hayein  described  in  1877  under 
the  name  of  '  haematoblasts '  from  the  function  which  he  ascribed 
to  them.  There  is  no  doubt,  however,  that  they  had  been  recog- 
nised though  not  fully  investigated  by  previous  observers.  They 
are  small  circular  or  ovoid  bodies  having  a  diameter  of  3-3-5  /t, 
and  a  dull,  finely  granular  appearance  ;  they  are  destitute  of  haemo- 
globin, stain  faintly  with  anilin  dyes,  and  are  very  easily  de- 
stroyed. Their  instability  in  the  presence  of  mechanical,  chemical, 
and  thermal  agents,  and  their  tendency  to  club  together  and  to 
attach  themselves  to  red-blood  corpuscles  and  leucocytes  in 
diluted  and  in  undiluted  blood  are  their  principal  characteristics. 
By  Lowit  they  are  regarded  in  part  as  artificial  products  formed 
from  globuhn  separated  from  the  blood-plasma,  in  part  as 
destruction  products  of  the  colourless  blood-corpuscles,  but  it 
has  been  shown  by  Laker  and  Bizzozero  that  they  can  be  seen 
circulating  in  the  blood-vessels  of  the  bat's  wing.  It  is  there- 
fore generally  accepted  that  blood-platelets  are  separate  and 
distinct  elements  of  the  normal  blood.  Lihenfeld,  however, 
•  maintains  that  the  micro-chemical  reactions  of  blood-platelets 
are  identical  with  those  of  the  nuclei  of  leucocytes,  and 
he  therefore  regards  blood-platelets  as  being  derived  from 
the  nuclei  of  leucocytes.  Kemp  and  Calhoun  found  that 
the  micro  -  chemical  reactions  resembled  to  some  extent 
those  of  red  corpuscles  and  also  those  of  the  nuclei  of  leuco- 
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cytes,  but  were  identical  wtth  neither.  Nevertheless  they 
found,  with  Lilienfeld,  that  they  consisted  largely  of  nucleo- 
proteid.  Deetjen  has  devised  a  special  method  for  investigating 
the  blood-platelets.  He  collects  the  blood  on  a  film  of  agar 
which  contains  a  certain  proportion  of  sodium  metaphosphate  and 
dipotassium  phosphate.  On  this  medium  he  asserts  that  the 
platelets  exhibit  a  slight  but  definite  amoeboid  movement.  By 
staining  methods,  too,  he  finds  that  they  are  definite  cellular 
elements  provided  with  a  nucleus  and  are  not  degenerative 
products. 

{b)  Numbers. —The  number  of  blood- platelets  in  normal  blood 
has  been  variously  estimated  from  180,000  to  900,000  per  cubic 
millimetre,  Kemp  and  Calhomi,  using  an  improved  method, 
found  that  in  man  they  number  about  780,000  per  cmm.  and  bear 
a  fairly  constant  ratio  to  the  number  of  red  blood-corpuscles, 
though  no  definite  relation  to  the  number  of  leucocytes  was  re- 
cognisable. Physiological  variations  in  the  numbers  of  blood- 
platelets  have  hardly  been  investigated.  In  pathological  condi- 
tions, apart  from  the  role  which  they  may  play  in  thrombosis 
(and  this  we  have  already  sufficiently  discussed),  it  has  been  found 
by  Af  anassiew  and  Fusari,  and  confirmsd  by  von  Limbeck,  that  in 
afebrile  anaemias,  especially  when  there  are  signs  of  regeneration 
in  the  blood,  the  blood -platelets  are  increased  in  number  They 
have  thus  been  found  in  larger  numbers  than  normal  after 
haemorrhage  (Hayem),  and  in  leuchgemia  (Afanassiew  and  Pruss). 
After  poisoning  with  various  blood-poisons  {e.g.  pyrogallic  acid, 
glycerine,  iodine  solution),  they  diminish  in  number.  With  con- 
sistently high  fever  {e.g.  typhoid  fever  and  erysipelas,  but  not  in 
tuberculosis  or  pneumonia)  their  number  is,  as  a  rule,  diminished. 
Pizzini  says  that  they  are  diminished  in  numbers  in  all  febrile 
conditions,  and  that  their  diminution  runs  parallel  with  the 
height  of  the  fever  and  the  rapidity  with  which  the  temperature 
rises.  In  malaria,  blood-platelets  sometimes  vanish  completely 
from  the  blood,  but  they  increase  in  number  after  the  fall  of 
temperature  has  taken  place  and  reach  their  maximum  6-7  hours 
after  the  crisis. 

V.  The  Anaemias. — We  now  come  to  discuss  the  clinical 
condition  known  as  anaemia.  Essentially,  this  condition  is  one  in 
•which  the  blood  is  present  in  insufficient  quantity,  and  as  the 
clinical  recognition  of  the  existence  of  a  suflicient  amount  of 
blood  in  the  body  was  based  (before  use  of  the  microscope  became 
general  in  medicine)  upon  the  presence  of  a  healthy  pink  colour 
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of  th9  skin  and  a  full  redness  of  the  mucous  membranes,  so 
aneemia  was  clinically  recognised  by  a  pallor  in  the  same  regions. 
Of  course  anaemia  and  pallor  go  together  in  the  greater  number 
of  cases,  but  it  is  now  known  that  a  considerable  degree  of 
aneemia  may  exist  and  yet  the  colour  of  the  patient  may  not  ba 
far  removed  from  the  normal. 

Pallor,  quite  apart  from  the  pallor  due  to  constriction  of 
small  blood-vessels — and  with  this  condition  anaemia  in  our 
present  sense  of  the  word  has  nothing  to  do — must  be  due  to  a 
deficiency  of  haemoglobin  in  the  part.  That  deficiency,  it  is 
obvious,  may  depend  (1)  upon  an  absolute  diminution  in  the 
number  of  red  blood-corpuscles  in  the  part,  the  haemoglobin 
content  of  each  red  blood-corpuscle  which  is  present  being  up 
to  the  standard ;  or  (2)  upon  a  relative  poverty  in  the  amount 
of  haemoglobin  in  each  red  blood-corpuscle,  the  numbers  of  red 
blood-corpuscles  present  being  normal ;  or  (3)  upon  a  combination 
of  the  two  preceding  conditions,  fewer  red  blood-corpuscles,  each 
having  a  lower  haemoglobin  content,  being  present  in  the  part ; 
or  (4)  upon  a  relative  increase  in  the  number  of  leucocytes  in 
the  blood,  the  number  of  red  blood-corpuscles  and  the  amount 
of  haemoglobin  in  each  being  normal ;  or  (5)  upon  a  relative 
increase  in  the  number  of  the  leucocytes,  conjoined  with  either 
a  diminution  in  number  of  the  red  blood-corpuscles  or  a  diminu- 
tion in  the  haemoglobin  content  of  each  corpuscle,  or  with  both 
of  these  latter  conditions. 

The  anaemias  have  been  divided  in  many  ways.    The  most 
common  is  that  by  which  'primary'  or  'essential'  anaemia  is 
divided  from  'secondary'  anaemia;  but  apart  from  the  great 
difficulty  that  an  anaemia  which  is  at  the  present  time  regarded 
as  primary  may  ultimately  come  to  be  considered  as  secondary, 
there  is  the  overwhelming  objection  to  this  mode  of  division 
that  it  unites  under  one  heading  varieties  of  anaemia  that  are 
pathologically  distinct.    A  simple,  as  well  as  a  fairly  satisfactory, 
basis  for  division  can  be  found  in  the  microscopical  appearance 
of  the  blood  in  different  cases.    In  some  cases,  the  point  which 
arrests  attention  is  that  the  number  of  leucocytes  seen  in  any 
field  of  the  microscope  is  greatly  increased,  in  others  this  increase 
in  the  number  of  leucocytes  is  not  noticed.    No  doubt  there  are 
numerous  gradations  between  these  two  extremes,  but  since  the 
difference  on  this  point  is  usually  well  marked,  and  since  it  corre- 
sponds to  other  marked  pathological  differences,  it  is  convenient 
to  take  this  definite  fact  as  the  basis  of  our  division,  and  to 
consider  the  anaemias  according  as  this  most  striking  change  of 
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the  blood  is  present  or  absent.  We  shall  therefore  divide  the 
anoemias  into  two  great  classes  as  follows : 

Group  I. — Anaemias  in  which  marked  leucocytic  changes  are 
absent. 

Gi'oup  II. — Anaemias  in  which  marked  leucocytic  changes  are 
present. 

It  is  necessary  to  look  closely  into  the  kind  of  case  that  each 
of  these  groups  represents.  With  regard  to  the  first,  it  is  clear 
that  the  leucocytes  may  be  left  out  of  consideration  entirely,  and 
it  might  be  thought  that  it  would  be  simpler  to  describe  the  group 
as  anaemias  depending  upon  changes  in  the  red  blood-corpuscles. 
But  a  closer  examination  of  the  anaemias  included  under  Group  II. 
shows  that  such  a  definition  for  the  anaemias  of  Grroup  I.  would 
be  unsatisfactory,  since  it  is  obvious  that  nothing  whatever  is- 
said  or  even  implied  concerning  the  red  blood-corpuscles  by  the 
definition  that  has  been  given  for  the  anaemias  of  Group  II.  And,, 
as  a  matter  of  fact,  though  in  anaemias  of  Group  II.  the  leucocytio 
changes  are  so  marked  as  almost  to  detract  attention  from  the 
changes  in  the  red  blood-corpuscles,  yet  it  is  found,  when  special 
attention  is  paid  to  the  point,  that  in  a  very  large  number  of  cases 
belonging  to  this  group,  the  erythrocytic  changes  are  as  extreme 
as  in  many  of  the  anaemias  of  Group  I.  However,  there  is  no 
doubt  that,  in  discussing  the  anaemias  of  Group  I.,  it  will  be 
necessary  to  consider,  above  all,  the  red  blood-corpuscles,  and 
that,  when  discussing  the  anaemias  of  Group  II.,  the  white  blood- 
corpuscles  will  chiefly  call  for  attention ;  but  it  must  be  remem- 
bered that  the  changes  in  red  blood-corpuscles  will  be  dismissed 
summarily  in  the  latter  case,  not  because  they  are  ill-marked  or 
unimportant,  but  because  they  are  identical  with  those  changes 
which  will  have  been  discussed  fully  along  with  the  anaemias  of 
Group  I.  All  forms  of  anaemia  of  any  severity,  without  exception,, 
are  accompanied  by  erythrocytic  changes,  but  in  some  leucocytic 
changes  are  unimportant,  in  others  they  are  highly  important. 

(i)  Group  J.— Anaemias  in  which  marked  Leucocytic  Chang-es 
are  Absent. — Since  the  anaemias  of  Group  I.  essentially  depend 
upon  changes  in  the.  red  blood-corpuscles,  they  may  be  regarded 
from  two  points  of  view :  either  from  that  of  the  number  of  red 
blood-corpuscles  present,  or  from  that  of  the  haemoglobin  content 
of  the  red  blood-corpuscles  themselves.  It  is  obvious  that  either 
of  these  conditions  might  exist  independently  of  the  other.  Thus 
the  anaemia  found  during  the  first  few  hours  ^  after  a  sudden 

'  Sherrington  and  Copeman  found  in  the  rabbit  that  the  number  of  red  corpuscles 
in  blood  is  not  at  its  minimum  until  15-2-5  minutes  after  cessation  of  h«?morrhagc.. 
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profuse  hemorrhage  has  taken  place,  is  due  solely  to  a  diminu- 
tion in  the  number  of  red  blood-corpuscles  present  in  each  cubic 
millimetre  of  blood ;  the  amount  of  hemoglobin  in  each  corpuscle 
that  remains  is  up  to  the  normal  standard.  But  the  chlorotic 
ansemia  of  young  women  may  depend  simply  upon  a  diminution 
in  the  amount  of  haemoglobin  contained  in  each  red  blood- 
corpuscle,  the  number  of  corpuscles  being  normal. 

It  would  be  very  convenient  if  such  a  distinction  could  be  used 
to  sharply  subdivide  the  anemias  of  Group  I.,  but  unfortunately 
for  our  purpose  this  is  only  possible  to  a  limited  extent.  In  many 
cases  where  the  number  of  red  blood-corpuscles  is  diminished  to 
any  considerable  extent,  the  haemoglobin  content  of  each  corpuscle 
Sooner  or  later  becomes  lowered  also — not  only  is  ohgocythaemia 
present,  but  oHgochromaemia  is  present  also.  One  cannot  even 
place  the  conditions  of  the  blood  which  are  brought  about  by 
hemorrhage  in  a  class  by  themselves  in  this  respect,  for  the 
question  of  the  presence  or  the  absence  of  oHgochromemia 
largely  depends  upon  the  manner  in  which  hemorrhage  has 
taken  place  and  the  length  of  time  that  elapses  between  the 
cessation  of  hemorrhage  and  the  examination  of  the  blood. 
Nevertheless  it  is  necessary  to  divide  the  subject  in  some  way 
for  purposes  of  description,  and  after  the  cautions  that  have  been 
given  it  is  not  likely  to  cause  misconception  if  we  subdivide 
Group  I.  into  (A)  Anemias  in  which  the  principal  change  is  a 
diminution  in  the  number  of  red  blood-corpuscles,  and  (B)- 
Anemias  in  which  the  principal  change  is  a  diminution  in  the 
hemoglobin  content  of  the  individual  red  blood-corpuscles. 

A.  The  Principal  Chang-e  is  a  Diminution  in  the  Number  of 
the  Red  Blood-corpuscles.— When  hemorrhage  leads  to  anemia 
it  is  of  necessity  either  profuse  or  long-continued.  Among  the 
profuse  hemorrhages  those  in  which  the  blood  comes  from  an 
artery  are  the  most  important.  The  artery  may  be  opened  by  an 
injury  such  as  a  stab  or  cut,  or  may  be  opened  by  an  ulcerative 
process  ;  of  the  latter  kind  are  the  hemorrhage  which  occurs  in 
the  rupture  of  an  aneurysm,  the  hemorrhage  into  the  stomach 
occurring  in  chronic  gastric  ulcer  (hematemesis),  the  hemorrhage 
into  the  intestines  sometimes  seen  in  the  later  stages  of  typhoid 
fever,  the  hemorrhage  which  occurs  during  the  necrosis  of  a 
malignant  growth,  &c.  In  such  cases  the  loss  of  blood  may  be 
so  great  as  to  be  fatal  within  a  few  minutes,  but  it  may  be 

Bizzozero  and  Salvioli  (cited  by  these  authors)  found  that  the  minimum  does  not 
occur  till  24-48  hours  have  elapsed.  My  own  observations  on  oedema  &c.  indirectly, 
but  strongly,  support  Sherrington  and  Copeman. 
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arrested  by  natural  or  by  surgical  means  after  proiucing  a  more 
or  less  severe  degi'ee  of  anfemia.  Of  course  it  is  immaterial  in 
this  respect  whether  the  bleeding  be  external,  as  in  the  case  of 
hfemorrhage  from  the  carotid  in  a  case  of  cut  throat,  or  internal, 
as  in  the  case  of  rupture  of  an  abdominal  aneurysm.  A  large 
amount  of  blood  may  also  be  lost  when  the  bleeding  does  not  take 
place  from  an  artery  as  in  the  exainples  given  above.  Cases  of 
this  kind  are  to  be  seen  in  haemorrhage  from  congested  tissues  ; 
such  are  some  forms  of  haematemesis  occurring  in  cirrhosis  of  the 
liver,  hsEjmorrhage  from  rupture  of  a  varicose  vein,  haemorrhage 
from  rupture  of  a  tubal  gestation.  In  other  cases  anaemia  is 
produced  not  so  much  because  the  haemorrhage  is  profuse,  as 
because  it  continues  for  a  considerable  length  of  time  ;  thus  the 
oozing  of  blood  from  capillaries  in  haemophilia  and  in  menorrhagia 
and  metrorrhagia  (in  which  the  blood  comes  from  a  congested 
uterine  mucous  membrane  in  quantities  that  are  not  excessive  in 
themselves,  but  in  which  the  loss  of  blood  extends  over  weeks 
and  months)  are  of  this  kind.  In  the  same  category,  too,  is  the 
anaemia  which  results  from  the  presence  of  certain  entozoa  ^  in 
the  intestine.  All  these  forms  of  haemorrhage  may  produce  the 
most  extreme  blanching,  and  in  all  the  essential  condition  of  the 

'  The  entozoon  of  chief  importance  in  this  connection  is  Anchylostomum  dtiodenale, 
a  nematode  worm  6-10  mm.  in  length,  which  has  a  head  provided  with  two  strong 
jaws.  By  these  it  attaches  itself  to  the  mucous  membrane  of  the  duodenum,  jejunum, 
or  ileum,  and  lives  on  the  blood  of  its  host,  which  it  sucks  therefrom.  After  awhile  it 
drops  off,  but  bleeding  continues  from  the  small  incision  which  it  has  made.  It  is  the 
subsequent  hsBmorrhage  which  takes  place  into  the  bowel  from  these  lesions,  and  not 
the  amount  of  blood  which  the  parasite  itself  abstracts,  that  is  the  essential  cause  of  the 
ultimate  anasmia  which  results.  The  number  of  parasites  present  in  the  host  is  very 
variable  ;  numbers  from  24  to  500  have  been  counted  after  the  death  of  the  patient. 
This  form  of  antemia  is  common  in  Egypt  and  Brazil,  but  sporadic  cases  or  even  small 
epidemics  have  been  recorded  in  various  parts  of  Europe,  especially  in  Italy  and 
Switzerland.  One  of  the  best  known  of  these  epidemics  occurred  among  the  Italian 
labourers  during  the  building  of  the  St.  Gothard  tunnel.  It  is  difficult  to  understand 
how  the  anffimia  can  be  so  profound  as  it  undoubtedly  is  in  these  cases,  if  one  is 
restricted  to  the  belief  that  the  action  of  the  parasite  is  confined  to  the  formation  of 
a  small  puncture  in  the  mucous  membrane.  One  would  reasonably  expect  that  the 
amount  of  blood  lost  by  subsequent  haemorrhage  into  the  intestine  even  from 
600  punctures  in  the  mucous  membrane  would  be  comparatively  small,  though  no 
doubt  it  must  be  remembered  that  fresh  punctures  are  constantly  being  made.  Bearing 
in  mind  the  effect  of  injecting  leech-extract  into  the  circulation  of  an  animal,  it  is  at 
all  events  conceivable  that  the  anchylostomum  not  only  withdraws  blood  from  its 
host  but  also  injects  into  him  some  substance  which  diminishes  the  coagulability  of 
his  blood.  Under  those  conditions  a  state  akin  to  that  which  probably  obtains  in 
some  cases  of  haemophilia  would  be  present,  and  the  greatness  of  the  hromorrhage, 
combined  with  the  smallness  of  the  lesion,  would  be  explicable.  Other  entozoal  causes 
of  anffimia,  such  as  BothryocepJuilus  latus  and  Angliilbila  intestinalis,  do  not  call  for 
special  remark  here. 
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blood  is  the  same.  It  consists  in  an  absolute  diminution  in 
the  number  of  red  blood-corpuscles,  an  absolute  increase  in  the 
amount  of  blood-plasma,  a  lowering  of  the  specific  gravity  of  the 
blood  and  of  the  blood-plasma.  Thus,  instead  of  five  million 
red  blood-corpuscles  per  cubic  milhmetre  of  blood,  three,  two,, 
one,  or  even  less  than  one  million,  may  be  present ;  the  blood- 
plasma  may  have  a  specific  gravity  of  1021  instead  of  about. 
1026  ;  and  the  specific  gravity  of  the  blood  may  be  1035  instead 
of  1058. 

Immediately  after  a  profuse  haemorrhage  has  taken  place  the^ 
hsemoglobin  content  of  the  individual  corpuscle  is  normal ;  but 
after  a  short  lapse  of  time,  and  at  all  times  during  the  existence- 
of  ansemia  due  to  protracted  small  haemorrhages,  it  is  found 
that  the  haemoglobin  content  of  the  blood  is  diminished.  The 
following  marked  examples  of  this  condition  are  given  by 
Zappert  ^  in  the  case  of  anaemia  due  to  the  presence  of  Anchylo- 
stomum  duodenale  in  the  intestine  : 

(1)  4,350,000  red  blood-corpuscles  per  cubic  mm.  with  50  per  cent,  haemoglobin  present.. 

(2)  2,490,000  ,,  „  •  25 

(3)  4,384,000  „  „  „  40 

(4)  3,204,000  „  „  „  40 
(o)  4,272,000             „             „  „  30 

• 

If  the  case  does  not  end  fatally,  within  a  very  short  time  the 
appearance  of  normoblasts  and  megaloblasts  in  the  blood  gives 
evidence  of  a  commencing  regeneration  of  red  blood-corpuscles  ; 
mesaloblasts  are  less  commonly  seen  than  normoblasts,  and 
according  to  EhrHch  their  j)resence  is  an  indication  that  the 
regenerative  process  is  not  proceeding  upon  absolutely  normal 
lines.  As  the  number  of  red  blood-corpuscles  increases  and  the 
anaemia  disappears,  so  the  normoblasts  diminish  in  numbers.  In 
some  cases  the  nucleated  red  blood^corpuscles  seem  to  be  ejected 
into  the  blood  periodically.  Poikilocytosis  is  also  observed,  but 
far  less  commonly  than  under  certain  other  anaemic  conditions. 
According  to  von  Limbeck  {loc.  cit.  p.  345),  the  leucocytes  in 
hfemophilia  undergo  a  slight  and  transitory  increase  in  numbers, 
and,  as  will  be  seen  later,  after  a  considerable  amount  of  blood- 
has  been  lost,  from  whatever  cause,  there  is  a  leucocytosis  lasting 
for  two  or  three  days.  As  in  most  of  the  other  forms  of  anaemia,, 
the  number  of  blood-platelets  is  increased. 

The  anaemias  that  have  been  mentioned  above,  all  depend 
upon  conditions  in  which  blood  is  completely  lost  to  the  body  by 
the  opening  of  a  blood-vessel,  whether  artery,  vein,  or  capillary^ 

'  Cited  by  von  Limbeck,  Path.  d.  Blutes. 
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and  in  such  cases  the  -red  blood-corpuscles  are  lost  as  such.  But 
in  certain  other  conditions  there  occurs  a  definite  destruction  of 
blood-corpuscles  within  the  blood-vessels  themselves.  The  best 
•example  of  this  class  of  case  is  seen  in  malaria,  but  it  also  occurs 
when  certain  toxic  substances,  such  as  bile  acids,  toluylene- 
diamin,  &c.,  are  circulating  in  the  blood.  There  is  also  reason 
to  believe  that  blood  destruction  occurs  in  the  so-called  progres- 
sive pernicious  anaemia. 

In  malaria  the  red  blood-corpuscles  are  actually  destroyed  by 
animal  parasites,  and  the  process  of  destruction  can  be  followed 
microscopically  in  all  its  stages.  During  the  growth  of  the 
parasite  within  the  red  blood-corpuscle,  the  haemoglobin  is  con- 
verted into  an  iron-free  pigment  known  as  melanin,  and  the 
corpuscles  themselves  are  broken  up.  The  presence  of  melanin 
granules  in  the  body  of  the  parasite  shows  that  it  lives  at  the 
expense  of  the  haemoglobin.  It  follows,  therefore,  that  a 
deficiency  of  red  blood-corpuscles  is  produced,  and  long  before 
the  micro-organism  of  malaria  was  discovered  by  Laveran  in 
1880  it  was  recognised  that  malaria  is  one  of  the  most  important 
causes  of  anaemia.  The  diminution  in  number  of  the  red  blood- 
corpuscles  may  be  so  great  that  not  more  than  500,000  per  cubic 
■millimetre  are  present.  Reduction  to  2,500,000  is  by  no  means 
uncommon.  The  destruction  of  corpuscles  takes  place  essentially 
during  the  periodic  '  ague-fit,'  and  the  number  that  is  destroyed 
depends  upon  the  severity  of  the  attack;  it  has  been  found 
(Dionisi  and  others)  that  a  single  ague-fit  may  lead  to  a  destruc- 
tion which  varies  between  200,000  and  1,000,000  corpuscles  per 
cubic  millimetre.  As  a  rule,  when  the  disease  lasts  some  time, 
the  haemoglobin  content  of  the  corpuscles  that  are  undestroyed 
after  an  attack  is  diminished  also,  and  therefore  in  the  later 
stages  of  malaria,  oligochromaemia  as  well  as  oligaemia  is  present. 

"With  regard  to  the  leucocytes  there  is  a  general  agreement 
that  neither  during  malarial  attacks  nor  in  the  intervals  between 
them  is  there  any  increase  in  their  numbers ;  in  some  cases, 
indeed,  a  diminution  has  been  noted.  On  the  other  hand, 
Billings  found  that  sometimes  in  the  post-febrile  stages  of  severe 
malaria  a  marked  increase  in  the  number  of  leucocytes  occurs. 
Thus  he  mentions  cases  in  which  30,000-40,000  were  present 
per  cubic  millimetre.  Such  cases,  however,  are  uncommon,  but 
when  they  occur  the  leucocytes  are  found  to  contain  large 
numbers  of  melanin  granules.  It  has  already  been  stated  that 
during  the  height  of  a  severe  ague-fit,  blood-platelets  may  com- 
pletely disappear  from  the  blood,  and  that  they  undergo  a 
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remarkable  increase  in  numbers  after  the  temperature  of  the 
patient  has  fallen. 

Toxic  AncBmias.—AnsBuii&,  resulting  from  the  direct  action  of 
some  toxic  substance,  the  nature  of  which  is  known,  is  of  com- 
paratively rare  occurrence,  unless  the  poison  have  been  circulating 
in  the  blood  for  some  considerable  time.    It  occurs  in  chronic 
poisoning  by  lead  and  arsenic,  but  it  is  open  to  doubt  whether 
these  cases  should  be  considered  in  the  present  connection.  As 
the  result  of  acute  poisoning,  however,  by  such  substances  as 
chlorate  of  potassium  and  arseniuretted  hydrogen  in  man  and 
animals,  and  acute  poisoning  by  intra-vascular  injection  of  a 
variety  of  substances,  such  as  glycerine,  toluylenediamin,  bile 
acids,  in  experimental  work  upon  animals,  it  is  found  that  anaemia, 
as  represented  by  the  microscopical  examination  of  the  blood, 
may  exist  to  an  extreme  degree.    In  all  the  examples  given  the 
red  blood-corpuscles  are  affected  ;  either  they  are  directly  broken 
up,  or  more  commonly  they  lose  their  haemoglobin,  which  then 
becomes  dissolved  in  the  blood-plasma.     These  acute  poisonings 
are,  therefore,  accompanied  by  other  symptoms  than  anaemia,  the 
most  important  of  which  are  haemoglobinuria  and  jaundice.  But 
besides  hcemoglobin  and  bile-pigments,  other  products  of  the 
destruction  of  the  colouring  matter  of  the  blood  {e.g.  urobihn) 
may  find  their  way  into  the  urine,  or  may  be  deposited  m  some 
of  the  tissues.    The  fact  that  anaemia,  in  a  very  marked  degree, 
18  frequently  seen  in  cases  of  acute  infective  disease,  indicates 
that  in  these  cases  a  blood  destruction  occurs  analogous  to  that 
which  can  be  produced  by  the  intra-vascular  injection  of  different 
toxic  bodies  into  animals.  As  will  be  seen  later,  definite  haemolytic 
substances  of  bacterial  origin  are  known  to  exist.     Further,  m 
these  same  acute  infective  diseases,  the  amount  of  pigment  present 
in  the  urine  is  commonly  greater  than  normal. 

The  microscopical  appearances  of  the  blood  in  cases  of  acute 
toxic  poisoning,  of  course,  differ  according  to  the  action  of  the 
haemolytic  agent.  If  the  haemoglobin  be  dissolved  from  the  red 
blood- corpuscles,  but  the  corpuscles  themselves  be  not  broken  up, 
we  have  a  form  of  anaemia  such  as  wil-l  be  discussed  later ;  but  if 
the  corpuscles  be  definitely  broken  up  (toluylenediamin),  the 
number  of  red  blood-corpuscles  is  diminished,  irregular  forms 
are  seen  in  the  blood,  and  later,  all  the  varieties  of  blood-cell  met 
with  in  regeneration  of  blood  are  found.  It  is  this  latter  variety  of 
toxic  action  which  is  of  especial  importance  in  connection  with 
anaemias  in  which  the  number  of  red  blood-corpuscles  is 
diminished ;  and  it  is  of  the  greater  interest,  m  that  the  disease 
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known  as  progressive  pernicious  anaemia  bears  many  resemblances 
to  anaemia  of  this  type.  Though  it  is  clear  that  toxic  substances 
act  in  dilferent  ways  upon  the  blood,  the  subject — though  impor- 
tant— is  one  concerning  which  very  little  is  known. 

Progressive  pernicious  anaemia  differs  clinically  from  the 
varieties  of  anaemia  that  we  have  hitherto  considered,  in  that  it 
apparently  always  proceeds  to  a  fatal  termination,  that  it  is 
especially  Hable  to  affect  males,  and  that  it  resists  medicinal 
treatment,  to  which  many  other  forms  of  anaemia  are  often  readily 
amenable.  In  the  blood  of  patients  suffering  from  pernicious 
anaemia  are  to  be  found  all  those  varieties  of  corpuscles  that  are 
found  in  other  cases  of  severe  anaemia;  thus,  along  with  an 
excessive  diminution  in  the  number  of  red  blood-corpuscles,  there 
is  the  presence  of  poikilocytes,  microcytes,  mdgalocytes,  normo- 
blasts, megaloblasts.  The  number  of  red  blood-corpuscles  present 
is  usually  very  small ;  Quincke  published  a  case  of  this-  disease 
in  which  only  143,000  red  blood-corpuscles  per  cubic  millimetre 
were  present.  As  in  those  cases  of  severe  anaemia  in  which  the 
number  of  red  blood-corpuscles  is  suddenly  decreased  to  a  very 
great  extent,  the  haemoglobin  content  of  the  corpuscles  that 
remain  may  be  Tip  to  the  normal  standard  ;  indeed,  in  some  cases 
of  pernicious  anaemia  it  is  above  the  normal.  It  was  thought  at 
one  time  that  a  diminution  in  the  number  of  red  blood-corpuscles, 
with  relative  richness  in  haemoglobin,  constituted  a  characteristic 
feature  of  pernicious  anaemia.  Although  this  is  now  known  not 
to  be  the  case,  there  is  no  doubt  that  it  is  highly  suggestive, 
particularly  if  the  oligocythaemia  is  considerable.  Pernicious 
anaemia  is  certainly  associated  with  marked  destruction  of  red 
blood-corpuscles.  For,  as  Quincke  and  others  have  shown,  there 
is  a  deposit  of  iron  in  the  liver,  spleen,  kidneys,  which  can  only 
be  regarded  as  arising  from  the  disintegration  of  hemoglobin  ; 
moreover,  the  disease  is  not  infrequently  accompanied  by  the 
presence  of  shght  degrees  of  jaundice,  and  an  excessive  amount 
of  altered  blood-pigment  (especially  urobilin)  in  the  urine  is  a  very 
constant  feature.  Ehrlich  is  inclined  to  regard  the  large  number 
of  megalocytes  present  in  the  blood  as  characteristic  of  pernicious 
anaemia.  No  change  is  to  be  noticed,  as  a  rule,  in  the  numbers 
or  characters  of  the  leucocytes,  but  the  blood-platelets  are  fre- 
quently present  in  greatly  increased  numbers.  The  specific 
gravity  of  the  blood  is  very  considerably  reduced.  In  five  cases 
Lloyd  Jones  found  that  it  lay  between  1029  and  1040.  The 
blood  condition  is  apt  to  undergo  temporary  improvement  from 
time  to  time. 
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Hunter  has  recently  proposed  the  view,  which  he  has  sup- 
ported by  a  considerable  mass  of  evidence,  that  pernicious 
anaemia  is  of  toxic  origin,  and  depends  upon  the  action  of  poisonous 
substances  produced  perhaps  by  streptococci.  These  micro- 
organisms enter  the  tissues  generally  and  the  blood  by  way  of 
oral  and  gastric  septic  conditions  {e.g.  carious  teeth),  and  their 
toxins  act  hsemolytically.  Although  Hunter's  view  cannot  as  yet 
be  regarded  as  fully  proved,  there  is  no  doubt  that  it  has  much  to 
recommend  it. 

B.  Anamias  in  which  the  Principal  Chang-e  is  a  Diminution 
in  the  Haemoglobin  Content  of  the  Red  Blood-coppuscles.— The 

most  important  variety  of  anaemia  that  depends  upon  a  diminution 
dn  the  hffimoglobin  content  of  the  red  blood-corpuscles  is  that 
which,  from  the  peculiar  greenish  hue  which  it  confers  on  the 
patient,  is  known  as  '  chlorosis.'  This  condition  is  most  com- 
monly met  with  in  young  women,  and  is  probably  to  be  regarded, 
as  Lloyd  Jones  suggests,  as  an  excessive  manifestation  of  that 
fall  in  specific  gravity  of  the  blood  which  he  has  proved  to  be 
normal  in  women  about  the  age  of  puberty.  It  is  about  the  same 
period  of  life  that  chlorosis  begins  to  occur,  only  the  fall  in  specific 
gravity  of  the  blood  in  chlorosis  is  much  greater  than  normal. 
Not  infrequently  the  specific  gravity  of  the  blood-plasma,  or  rather 
the  blood-serum,  is  higher  than  normal,  and  this  must  probably 
be  ascribed  to  a  greater  percentage  composition  of  proteid. 

In  this,  as  in  so  many  other  forms  of  anaemia,  oligocythaemia 
and  oligochromfBmia  are  often  associated,  but,  as  is  shown  by  an 
average  of  fifty-five  estimations  in  fifteen  cases  made  by  various 
authors  and  collected  in  a  table  by  von  Limbeck  {loc.  cit.  pp.  305-6), 
the  hemoglobin  content  of  the  corpuscles  is  reduced  to  a  far  greater 
extent  than  is  the  number  of  red  blood-corpuscles  themselves. 
Thus  the  average  of  the  fifty-five  estimations  gives  the  number  of 
red  blood-corpuscles  in  chlorosis  as  3,220,000  per  cubic  millimetre, 
and  the  hemoglobin  content  of  the  corpuscles  as  42-2.  That  is  to 
say,  the  diminution  in  the  number  of  corpuscles  is  about  38  per 
cent,  of  the  normal,  but  the  diminution  in  the  amount  of  haemo- 
globin in  each  corpuscle  that  remains  is  about  58  per  cent. 
These  figures  accord  well  with  the  fact  that  in  no  inconsiderable 
number  of  cases  oligocythaemia  is  trivial,  and  the  anaemia  is 
practically,  therefore,  entirely  due  to  oligochromemia. 

So  far  as  the  chemical  composition  of  the  blood  is  concerned, 
Biernacki  finds  that  in  chlorosis  the  percentage  of  water  is 
increased,  the  chlorine  is,  as  a  rule,  increased,  potassium  is 
diminished,  sodium  is  increased,  iron  is  sometimes  normal,  some- 
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times  diminished.  With  reference  to  the  red  blood-corpuscles 
themselves,  he  finds  that  the  percentage  of  iron  is  frequently 
raised,  whence  he  concludes  that  it  is  not  a  deficiency  in  iron  but 
a  deficiency  in  proteid  that  characterises  the  blood-corpuscles  in 
chlorosis.  In  this  connection  it  is  interesting  to  note  that 
Haldane  and  Lorrain  Smith  have  found  that  the  oxygen  capacity 
of  red  blood-corpuscles  differs  greatly  in  different  layers  of  one 
specimen  of  centrifugalised  blood  (ox,  dog).  It  is  possible  that 
this  observation  may  have  an  important  bearing  upon  ansemia  of 
the  chlorotic  type. 

One  point  of  importance  in  reference  to  chlorosis  is  that 
recognisable  signs  of  destruction  of  corpuscles  are  almost  com- 
pletely absent,  whether  on  microscopical  examination  of  the  blood 
or  tissues,  or  on  chemical  examination  of  the  urine  or  other 
secretions.  The  anaemia  must,  therefore,  depend  upon  an  insuffi- 
cient formation  of  haemoglobin,  though,  at  present,  it  is  quite 
impossible  to  say  upon  what  this  peculiarity  depends.  When  the 
treatment  of  chlorotic  anaemia  leads  to  improvement,  it  follows, 
from  what  has  been  said,  that  nucleated  red  blood-corpuscles  are 
less  commonly  seen  than  in  other  forms  of  ansemia,  and  actually, 
as  can  be  determined  by  the  repeated  examination  of  a  case 
under  treatment  by  iron,  the  haemoglobin  value  of  the  corpuscles, 
increases  to  a  much  greater  extent  than  does  the  number  of  the 
corpuscles.  On  microscopical  examination,  therefore,  the  blood 
of  chlorosis  presents  a  simpler  picture  than  that  presented  by  the 
blood  of  almost  any  other  form  of  anaemia. 

A  similar  condition  of  the  blood  to  that  found  in  chlorosis,  so 
far  as  concerns  the  relatively  great  diminution  in  the  haemoglobin 
content  of  the  red  blood-corpuscles,  not  infrequently  occurs  in 
the  subjects  of  syphilis,  of  tuberculosis,  and  of  malignant  new- 
growths  (especially  carcinomata) .  But  though  under  all  of  these 
conditions  it  is  perhaps  more  common  to  find  a  chlorotic  type  of 
anaemia,  i.e.  the  haemoglobin  content  of  the  corpuscles  diminished 
to  a  greater  degree  than  the  number  of  corpuscles,  yet  this  is  by 
no  means  invariably  the  case.  Indeed,  von  Limbeck  expressly 
says,  after  describing  the  various  appearances  that  may  be  met 
with  in  the  blood  in  syphilis,  '  To  my  mind  there  is  scarcely  a 
better  example  than  syphilis  of  the  statement  that  no  clinical 
form  of  anaemia  is  characterised  by  a  definite  microscopical 
appearance  of  the  blood'  {loc.  cit.  p.  835).  In  syphilis,  when 
anaemia  is  severe,  and  therefore  most  commonly  in  the  secondary 
and  tertiary  stages  of  the  disease,  megalocytes,  microcytes, 
poikilocytes,  normoblasts,  and  gigantoblasts  are  frequently  met 
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with  ;  the  white  cells  of  the  blood  are  generally  present  in  normal 
numbers,  even  in  the  severest  cases.'  When  anaemia  occurs 
along  with  early  tuberculosis  of  the  lungs  (especially  if  no  fever 
is  present),  it  is  commonly  of  the  chlorotic  type,  and  the  number 
of  leucocytes  present  is  normal.  But  when  anaemia  occurs  in 
later  stages  of  pulmonary  tuberculosis,  the  complications  intro- 
duced by  ulceration,  sweating,  fever  &c.  are  so  great  that  it  is 
almost  impossible  to  make  any  general  statement  concerning  the 
condition  of  the  blood,  and  quite  impossible  to  decide  how  far 
the  blood  change  in  any  particular  case  depends  upon  the  tuber- 
culosis itself-,  how  far  it  is  due  to  disturbing  intercurrent  causes. 

In  the  case  of  malignant  new  growths,  the  following  table 
(slightly  modified  from  von  Limbeck,  and  collected  from  various 
sources)  shows  the  existence  of  oHgochromsemia  with  the  presence 
•of  an  approximately  normal  number  of  red  blood-corpuscles  per 
cubic  millimetre  in  cases  of  carcinoma  : 

(1)  Carcinoma        involving  ,  5,040,000  red  blood-corpuscles  per , 

^  '     ,  o     '     '  ,     -.1,  ^  80  p.c.  hsemoglobm. 

heart  .       .       .       .  ^  cubic  mm.  present,  with )  ^ 

(2)  Carcinoma    of    stomach,     .^a  nnn  h7 

^  '        1  6,184,000         „        „        „      o7       „  „ 

and  liver    .       .       .  ) 

(3)  Carcinoma  of  oesophagus 

(4)  Carcinoma  of  stomach 

(5)  Carcinoma  of  stomach 

(6)  Carcinoma  of  liver  . 

(7)  Carcinoma  of  stomach 

(8)  Carcinoma  of  stomach 

With  regard  to  the  effect  of  complete  removal  of  a  malignant 
new  growth  upon  the  percentage  haemoglobin  composition  of  red 
blood-corpuscles.  Laker  and  Bierfreund  have  both  found  that- 
contrary  to  what  one  would  expect— the  haemoglobin  content  of 
the  corpuscles  does  not  rise  after  recovery  from  operation  is 
complete,  to  a  higher  level  than  obtained  before  the  new  growth 
was  removed.  Though  Bierfreund's  results  cover  seventy-two 
cases  and  are  corroborated  by  Laker,  they  are  so  astomslimg, 
especially  in  view  of  the  fact  that  the  patients  markedly  improved 
in  health  and  put  on  flesh,  that  further  research  upon  the  subject 
is  necessary.  The  effects  of  operation  for  malignant  growths 
upon  the  number  of  leucocytes,  and  the  leucocytosis  that  is  com- 
monly present  in  malignant  disease,  will  be  considered  later. 

Somewhat  in  contrast  with  the  anaemias  in  which  either  the 
diminution  in  number  of  red  blood-corpuscles  or  the  diminution 
in  haemoglobin  content  of  the  blood-corpuscles  is  the  predomi- 
nant characteristic,  but  not  sufliciently  distinct  to  require  a  sepa- 
rate subdivision  of  the  subject  for  themselves,  are  those  cases  in 


8,280,000  „  „  „  48 

5,085,000  „  „  „  73 

3,415,000  „  „  „  34 

4,918,000  „  „  „  70 

4,732,000  „  „  „  51' 

6,200,000  „  „  „  76-78 
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which  low  values  obtain  for  both  of  these  factors.  The  general 
feature  which  runs  through  these  cases  is  mal-nutrition,  whether 
that  mal-nutrition  be  due  to  constitutional  disease  or  not.  Thus 
in  extreme  social  poverty,  where  hard  work  is  combined  with 
chronic  semi-starvation,  anaemia  may  be  so  marked  that  the 
number  of  red  blood> corpuscles  is  reduced  to  below  1,000,000  per 
cubic  millimetre  and  the  haemoglobin  content  to  less  than  20 
per  cent.  So,  too,  children  who  are  the  subjects  of  rickets  or 
congenital  syphiHs  are  Hable  to  present  similar  conditions  of  the 
blood,  though  to  a  less  marked  extent.  The  same  is  observed  in 
chronic  poisoning  by  lead  and  arsenic.  Two  points  are  well 
marked  in  all  these  cases :  (1)  signs  of  blood  destruction  are 
in  the  main  absent,  and  (2)  as  the  result  of  proper  feeding  and 
medicinal  treatment  the  anaemia  rapidly  disappears..  It  seems  as 
if  the  activity  of  the  blood-forming  tissues  in  these  cases  were 
impaired,  and  in  this  respect  they  have  much  in  common  with 
chlorosis.  The  outlook  for  a  patient  suffering  from  this,  as  from 
most  other  forms  of  anaemia,  can,  to  a  large  extent,  be  determined 
by  a  microscopical  examination  of  the  blood,  for,  speaking  gene- 
rally, a  case  is  hopeful  in  proportion  as  signs  of  blood  destruction 
are  absent. 

Splenic  Ancsmia. — Within  recent  years  a  form  of  intense 
anaemia  has  been  described  by  Banti  and  others .  which  is  cha- 
racterised by  an  enlargement  of  the  spleen,  great  and  progressive 
oligocythsemia  and  oligochromaemia,  and  a  diminution  in  the 
number  of  leucocytes.  The  disease  appears  to  show  itself  occa- 
sionally in  an  acute  form,  but  generally  it  is  chronic  and  lasts 
over  years.  It  is  divided  by  Senator  into  three  stages :  (1)  that 
of  splenic  enlargement  and  anaemia,  (2)  a  transition  stage,  and 
(3)  an  ascitic  stage.  The  condition  is  closely  allied  with  Hanot's 
hypertrophic  cirrhosis  of  the  liver.  Marked  changes  occur  in  the 
spleen,  liver,  and  bone-marrow,  and  the  entire  disease  fornis  a 
connecting  link  between  the  anaemias  of  Group  I.  and  Group  II. 
Its  aetiology  is  uncertain,  but  Banti  regards  it  as  being  infective 
in  origin,  and  as  being  initiated  in  the  spleen. 

(ii)  Group  II. — Anaemias  in  which  marked  Leucocytic 
Chang^es  are  Present. — The  anaemias  of  Group  II.  largely  resolve 
themselves  into  the  condition  known  as  '  leuchaemia,'  a  name 
given  by  Virchow  in  1845  to  a  particular  alteration  of  the  blood, 
and  since  then  applied  to  the  disease  or  group  of  diseases  in  which 
this  blood  change  is  a  prominent  characteristic.  In  this  country 
the  abnormal  condition  of  the  blood,  along  with  the  changes  in 
certain  tissues  which  accompany  it,  were  called  '  leucocythaemia' 
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by  Hughes  Bennett,  who  described  them-  ahnost  synchronously 
with  Virchow,  and  at  the  present  time  this  name  is  frequently 
employed. 

A.  Leuchaemia. — In  leuchaemia  the  number  of  leucocytes  is. 
not  commonly  increased  to  such  an  extent  that  the  blood  can 
even  approximately  be  termed  '  white,'  though  in  very  severe- 
cases  it  may  hardly  stain  a  handkerchief.  Often,  however,  it  has 
the  appearance  of  a  mixture  of  blood  and,  pus ;.  indeed  some  of 
the  earliest  observers  regarded  the  condition:  as  a  '  suppuration 
of  the  blood.'  In  any  case,  microscopical  examination  shows  that 
the  number  of  leucocytes  is  enormously  increased.  One  leucocyte 
to  ten  red  blood-corpuscles  is  very  usual,,  one  to  five  not  un- 
common, and  cases  have  even  been  known  in  which  the  leucocytes, 
outnumbered  the  erythrocytes.  From.  100,000-500^000  leucocytes 
per  cubic  millimetre  may  be  regarded  as  about  the  extremes  in 
ordinary  well-marked  cases  of  leuchaemia,  though  in  many  cases, 
the  higher  limit  is  exceeded.  The  red  blood-corpuscles  are 
diminished  in  numbers,  but  by  nothing  like  the  same  amount  as: 
the  leucocytes  are  raised ;  a  diminution  to  2,000,000  per  cubic 
millimetre  may  be  regarded  as  the  outside  limit,  unless  it  be  in 
exceptional  cases.  Poikilocytosis,  Maragliano's  necrobiotic  changes 
of  red  blood-corpuscles  and  nucleated  red  blood-corpuscles  are  met 
with  in  greater  or  less  numbers  accouding  toithe-  severity  of  the 
anasmia. 

The  pathologico-anatomical  changes,  of  tissues  that  are  found 
to  accompany  these  alterations  in  the  composition,  of  the  blood 
concern  chiefly  (1)  the  spleen,  (2)  the  lymphatic  glands,  (3)  the 
medulla  of  bone,  that  is  to  say,  adenoid  tissue  and  bone-marrow. 
According  as  the  pathologico-anatomical  change  was  more  marked 
in  one  or  other  of  these  situations,  it  was  formerly  customary  to 
speak  of  a  splenic  leuchaemia,  a  lymphatic  leuchaemia,  a  medullary 
leuchaemia.  But  it  is  now  recognised  that  these  forms  of 
leuchaemia  are  not  sharply  defined  from,  one  another,  but  that: 
anatomical  changes  are  commonly  to  be  found  in  all  three 
situations,  though  to  a  different  degree  in  each.  The  actual; 
manner  in  which  the  disease  is  to  be  subdivided  is  still  uncertain. 
Minkowski  recognises  (1)  a  common  '  lienal '  form  in  which  en- 
largement of  the  spleen  is  the  prominent  symptom  (this  variety 
corresponds  with  that  termed  '  myelogenous'  by  Ehrlich) ;  (2). 
acute  leuchaemia;  and  (3)  chronic  leuchaemia,, which  is  closely 
related  to  pseudo-leuchaemia.  Ehrlich  only  recognises  myelo- 
genous and  lymphatic  varieties,  ignoring  the  splenic  upon  the 
view  that  the  spleen  plays  no  part  in  blood  formation.  Walz 
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regards  all  leuchsemia  as  myelogenous,  and  distinguishes  the 
varieties  according  to  the  predominating  variety  of  leucocyte.  He 
asserts  that  no  myelogenous  leuchsemia  is  acute,  but  that  the 
lymphatic  variety  may  be  acute,  running  its  course  in  about  six 
weeks,  or,  in  very  rare  cases,  chronic.  Upon  the  whole  Ehrlich's- 
method  of  classification  is  the  most  satisfactory.  In  this  country 
it  is  customary  among  clinicians  to  speak  of  '  spleno-meduUary ' 
and  *  lymphatic '  leuchsemia. 

The  commonest  form  •  of  leuchsemia  is  the  spleno-medullary 
lymphatic  leuchsemia  is  much  rarer,  and  it  is  doubtful  whether 
any  cases  of  pure  medullary  leuchsemia  have  been  actually 
observed,  though  one  or  two  have  been  recorded  in  literature: 
(Askanazy).  In  all  cases  the  affected  tissues  are  profoundly 
altered,  and  the  principal  change  consists  in  an  enormous  increase: 
in  size  of  the  part.  Thus  in  spleno-medullary  leuchsemia  the^ 
spleen  may  attain  a  weight  of  eighteen  pounds,  though  six  pounds 
is  nearer  the  average,  and  in  lymphatic  leuchsemia  the  glands 
become  as  large  as  walnuts.  "Where  the  medulla  of  bone  is 
involved  there  are  signs,  not  of  hypertrophy  it  is  true,  but  of 
increased  vascularity,  and  a  larger  number  of  cells  is  present  than 
normal. 

Charcot's  Crystals. — Besides  the  cellular  constituents  of  leu- 
chsemic  blood  there  are  also  frequently  to  be  found  in  blood 
taken  from  the  patient  during  life,  the  so-called  Charcot's  crystals. 
These  bodies,  the  chemical  composition  and  the  origin  of  which  is- 
not  known,  have  been  described  either  as  octahedra  or  as  hexa- 
gonal pyramids.  They  are  minute  bodies  that  are  often  found 
adherent  to  leucocytes,  and  for  this  reason  Zenker  considers  that, 
they  originate  from  those  cells.  Westphal  obtained  them  by 
puncture  from  the  spleens  of  two  leuchsemic  patients  and  thinks 
that  they  are  formed  in  this  organ.  Lewy  has  pointed  out  that  they 
are  most  frequently  found  where  eosinophil  cells  are  present  in 
large  numbers,  and  suggests  that  they  may,  indirectly,  be  derived, 
from  them.  Most  authors  regard  them  as  being  of  a  semi-proteid 
nature,  and  as  having  separated  from  the  blood-plasma.  It  is. 
said  that  they  are  to  be  found  in  the  normal  marrow  of  bone. 
Charcot's  crystals,  however,  are  not  always  seen  in  leuchaemic 
blood;  competent  observers,'  such  as  von  Limbeck  and  von 
Jaksch,  have  failed  to  discover  them. 

As  the  result  of  treatment,  especially  by  arsenic,  and  also  when 
an  intercurrent  acute  infective  disease  has  attacked  a  leuchsemic 
patient,  the  number  of  leucocytes  is  seen  to  undergo  a  marked 
diminution.    With  reference  to  the  latter  point,  there  is  a. 
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considerable  amount  of  evidence  that  such  diseases  as  typhoid 
fever,  influenza,  and  septic  disease  of  various  kinds,  when  affecting 
leuchaemic  patients,  are  accompanied  and  followed  not  only  by  a 
diminution  in  number  of  the  leucocytes  in  the  blood,  but  also  by  a 
diminution  in  size  of  the  spleen  and  lymphatic  glands. 

The  setiology  of  leuchaemia  is  still  a  matter  of  doubt.  Most 
authors  believe  that  the  fault  lies  in  the  haematopoietic  tissues, 
particularly  the  bone-marrow  and  the  lymphatic  glands,  but 
possibly  the  spleen  also.  Lowit  maintains  that  by  a  special 
staining  method,  he  has  succeeded  in  demonstrating  the  presence 
in  the  blood  of  a  specific  protozoal  cause  (first .  described  by 
Mannaberg),  and  he  regards  the  medullary,  splenic  and  lymphatic 
changes  as  entirely  secondary,  though  they  aid  in  producing  the 
complete  clinical  picture  by  interfering  with,  blood-formation.  He 
describes  a  '  haemamoeba  leuchaemiae  magna  '  and  a  '  haemamoeba 
leuchaemiae  parva.'  These  bodies  he  finds  (only  in  stained  and 
fixed  specimens)  situated  in  the  lymphocytes,  the  large  form  in 
all  of  eleven  cases  of  spleno-medullary  leuchaemia,  the  small  form 
in  one  case  out  of  five  of  lymphatic  leuchaemia.  Three  principal 
varieties  are  described :  (a)  small  amoeba-like  and  sickle-shaped 
forms ;  (b)  larger  amoeba  forms  developed  from  a ;  (c)  morula 
forms  which  undergo  endogenous  sporulation  and  reproduce  a. 
Degeneration  forms  are  also  described.  Although  injection  of 
leuchaemic  blood  into  animals  was  without  result,  injection,  of  an 
emulsion  of  spleen  and  glands  into  rabbits  was  followed  by  the 
production  of  a  chronic  disease  very  similar  to;  that  in  man,  and 
accompanied  by  the  presence  of  identical  '  parasites  '  in  the  blood. 
The  entire  series  of  researches  has  met,  with  much  adverse, 
criticism,  and  so  far  the  only  confirmation  is  that  furnished,  by 
Vittadini. 

B.  Paeudo  -  leuchaemia. — Pseudo  -  leuchaemia,  Hodgkin's 
disease  or  lymphadenoma,  is  a  pathological  condition  which 
frequently  agrees  with  leuchaemia  in  that  it  is  associated  with  blood 
changes  largely  affecting  the  leucocytes.  In  it  also  both  spleen 
and  lymphatic  glands  are  enlarged,  and  if — as  is  usual— the 
splenic  enlargement  is  not  great,  while  the  enlargement  of  the 
lymphatic  glands  is  well  marked,  there  may  be  considerable 
difficulty  from  macroscopic  examination  in  differentiating  pseudo- 
leuchasmia  from  the  leuchaemia  of  the  lymphatic  type.  Moreover, 
there  is  the  further  difficulty  that  it  is  uncertain  whether  under 
the  same  name  one  and  the  same  pathological  process  or  more 
than  one  is  included.  Many  authors  even  include  sarcomatosis  of 
lymphatic  glands  under  pseudo-leuchaemia,  amd  '  lymphosarcoma  ' 


PSEUDO-LEUCH^MIA 


is  one  of  the  many  names  whereby  pseudo-leuchsemia  is  known 
on  the  Continent.  A  minority  of  Continental  authors  (Billroth, 
Kundrat),  however,  separate  lymphosarcoma  from  lymphadenoma 
or  Hodgkin's  disease,  and  this  is  the  view  taken  by  most  of  the 
chnical  pathologists  in  this  country.  In  many  cases  there  seems 
to  be  a  distinct  difference  between  the  two  conditions,  though,  no 
doubt,  intermediate  forms  are  found.  This  concerns  the 
histological  characters  of  the  affected  glands,  and  to  some  extent 
the  macroscopic  appearances  also.  There  is  growing  up  a  belief 
that  lymphadenoma  may  ultimately  be  shown  to  depend  upon  a 
micro-organism,  and  therefore  to  be  an  infective  disease  ;  but 
though  bacteria  have  been  described  in  such  cases  by  several 
authors,  the  evidence  they  offer  is  inconclusive  at  present.  There 
is  no  doubt,  however,  that  a  fair  proportion  of  cases  of  glandular 
enlargement  which  are  included  under  the  name  of  pseudo- 
leuchsemia  or  Hodgkin's  disease  really  are  only  examples  of 
tuberculous  adenitis. 

The  general  blood  changes  in  pseudo-leuchsemia,  it  may  easily 
be  imagined,  are  very  variable,  indeed  in  some  cases  in  which 
from  clinical  evidence  one  would  expect  to  find  the  most  common 
change,  viz.  an  increase  in  number  of  leucocytes,  the  number  of 
leucocytes  is  normal,  and  the  ansemia  which  exists  is  due  entirely 
to  a  diminution  in  number  of  erythrocytes'  and  a  diminution  in 
their  hsemoglobin  content,  both  of  which  run  on  parallel  lines. 
Nevertheless  pseudo-leuchsemia  is  generally  associated  with  a 
great  increase  in  the  number  of  leucocytes,  though  an  excessive 
increase,  such  as  is  seen  in  true  leuchsemia,  is  wanting.  One 
leucocyte  to  forty  or  fifty  erythrocytes  is  a  far  commoner  propor- 
tion. As  will  be  seen  immediately,  the  characters  of  the 
leucocytes  present  in  leuchsemia  and  pseudo-leuchaemia  are  also 
different ;  a  microscopical  examination  of  the  blood  suffices  to 
distinguish  pseudo-leuchsemia  from  even  lymphatic  leuchsemia, 
which  clinical  examination  often  fails  to  do. 

(iii)  Vapieties  of  Leucocytes  present  in  the  Anaemias.— 
The  variety  of  colourless  corpuscle  that  is  multiplied  to  cause 
the  increase  of  leucocytes  present  in  different  cases  of  ansemia, 
and  particularly  in  the  ansemias  of  Group  II.,  is  not  always  one 
and  the  same.  Speaking  generally,  the  increase  is  brought  about 
by  addition  to  the  number  of  finely  granular  oxyphil  (polynuclear, 
neutrophil)  cells,  but  in  some  cases  it  is  the  lymphocytes,  in 
others  the  coarsely  granular  oxyphil  (eosinophil)  cells  that  form 
the  bulk  of  the  increase,  while  in  most  cases  there  is  not  a 
numerical  increase  of  one  variety  alone  but  of  aU  varieties. 


172  THE  PATHOLOGY  OP  THE  BLOOD 


In  the  so-called  secondary  anaemias  (by  which  is  meant  sunaemia*; 
subsequent  to  haemorrhage,  or  to  the  establishment  of  some- 
chronic  disease,  or  to  the  development  of  a  malignant  tumour)^ 
where  an  increase  in  the  number  of  leucocytes  accompanies  the 
anaemia,  the  cells  are  almost  entirely  of  the  finely  granular  oxy- 
phil type.  On  the  other  hand,  in  lymphatic  leuchaemia  the 
increase  in  number  of  leucocytes  is  due  to  the  presence  in  the 
blood  of  an  enormous  number  of  lymphocytes ;  in  fact  it  ha* 
been  suggested  that  this  condition  should  be  termed  '  lymphocyt- 
haemia.'  In  spleno-medullary  leuchaemia  there  is  a  large 
increase  of  leucocytes  generally,  but  the  increase  to  such  an 
extent  concerns  hyaline  (large  uninuclear)  cells  and  coarsely 
granular  oxyphil  cells  that  the  finely  granular  oxyphil  cells  are 
relatively  diminished.  In  this  connection  it  must  be  noted  that,, 
very  rarely,  the  type  of  a  case  of  leuchaemia  may  change.  Thus 
a  gradual  replacement  of  the  haemal  characters  of  spleno- 
medullary  leuchaemia  by  those  of  lymphatic  leuchaemia  has  been 
occasionally  observed  (Walz).  In  pseudo-leuchaemia  it  is  found 
that  increase  of  leucocytes  means  relative  as  well  as  absolute 
increase  of  finely  granular  oxyphil  cells  and  of  lymphocytes,  but 
that  there  is  relative  diminution  of  coarsely  granular  oxyphil  cells. 

In  some  cases,  colourless  cells  not  of  the  ordinary  types  are 
present  in  the  blood  ;  this  is  particularly  the  case  in  spleno- 
medullary  leuchaemia,  where  the  number  of  atypical  cells  in  the 
blood  is  very  considerable.  Some  of  these  are  large  cells  having 
a  single  large  round  nucleus  and  numerous  granules  which  stain, 
with  acid  dyes  ;  they  are  similar  in  many  respects  to  cells  found 
in  normal  red  bone-marrow,  and  by  some  authors  are  termed 
'myelocytes,'  but  it  is  better  to  speak  of  them  as  'atypical' 
oxyphil  or  eosinophil  cells.  Other  large  cells  present  in  the  blood, 
in  spleno-medullary  leuchaemia  show  no  granules,  but  have  a. 
nucleus  which  almost  fills  the  cell  body  and  is  poor  in  chromatin  ; 
these  may  be  called  *  atypical '  hyahne  cells.  Cells  very  similar 
to  these  last  are  also  found  in  normal  bone-marrow.^  Sometimes 
cells  are  found  with  large  coarse  basophil  granules — the  so-called 
Mastzellen.  These  cells,  as  has  been  said,  are  normally  only 
found  in  connective  tissue  ;  even  when  found  in  the  blood  of. 
spleno-medullary  leuchaemia,  they  are  far  less  commonly  present 

'  According  to  Cornil  and  Ranvier  and  Mitller  these  cells  in  the  blood  have: 
orif^inated  from  bone-marrow,  and  they  call  them  'medullary  cells'  (cellules 
mMulIaires,  Markzellen).  As  a  matter  of  fact,  '  Markzellen  '  include  both  atypical 
eosinophil  and  atypical  hyaline  cells.  Upon  the  subject  of  blood  and  medullary 
changes  in  leuchtemia  and  pernicious  ancemia,  Muir's  papers  should  be  consulted. 
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Ihan  the  other  atypical  cells  which  have  been  mentioned.  They 
have  never  been  found  in  the  blood  in  any  other  pathological 
condition.  Granular  '  myelocytes,'  however,  have  been  found  in 
•other  diseases  besides  leuchgemia  (e.g.  plague). 

(iv)  Sources  of  Abnopmal  Blood-coppuscles  in  Anaemia.— 
It  is  now  necessary  to  consider  the  sources  of  the  various 
^abnormal  cells  that  are  observed  in  different  anaemic  conditions. 
From  the  commencement  poikilocytes  and  forms  that  are 
obviously  degenerative,  microcytes,  and  megalocytes  may  be  left 
on  one  side,  for  to  them  reference  has  already  been  made.  The 
•cells,  therefore,  with  which  we  shall  be  concerned  in  the  following 
3)aragraphs  are  nucleated  red  blood-corpuscles  (normoblasts), 
jnegaloblasts,  leucocytes,  and  the  atypical  forms  of  leucocytes 
which  are  found  in  leuchaemia. 

The  question  before  us  resolves  itself  into  a  discussion  of  the 
Tuodes  and  seats  of  blood-corpuscle  formation,  and  it  is  impossible 
"to  consider  this  highly  controversial  subject  in  detail  here.  But 
a  short  sketch  must  be  given,  firstly,  because  some  of  the  cells 
mentioned  are  found  when  regeneration  of  blood  is  taking  place, 
and  therefore  the  process,  though  it  is  strictly  physiological, 
•comes  to  have  a  special  interest  in  pathology ;  and  secondlj^ 
because  in  that  way  it  is  possible  to  throw  some  light  on  the 
■aetiology  of  the  leuchsemias. 

Formation  of  Bed  Cells  in  Normal  Life. — The  seats  of  blood 
formation  in  earHest  embryonic  life  can  hardly  be  differentiated, 
but  two  points  with  reference  to  the  corpuscles  are  of  importance, 
:and  admit  of  no  doubt  :  1,  all  the  red  blood-corpuscles  are 
nucleated;  2,  the  colourless  blood-corpuscles  make  their  first 
appearance  later  than  the  red  blood-corpuscles.  In  later  em- 
bryonic life,  blood  formation  takes  place  in  the  medulla  of  bone, 
the  spleen,  the  liver,  the  lymphatic  glands.  In  foetal  red  medulla 
of  bone  are  to  be  found :  (1)  nucleated  red  blood-corpuscles, 
•(2)  medullary  cells  (Markzellen,  Cellules  medullaires),  (3)  large, 
■coarsely  granular  oxyphil  cells,  (4)  enormous  giant  cells,  some  of 
which  are  osteoclasts,  (5)  Mastzellen.  In  foetal  spleen-pulp  are 
normal,  non-nucleated  red  blood-corpuscles,  nucleated  red  blood- 
corpuscles,  and  large  numbers  of  lymphocytes.  In  foetal  lymphatic 
glands,  small  mono-nuclear  lymphocytes  are  present  in  large 
numbers.  There  is  reason,  therefore,  from  a  histological  stand- 
point, for  regarding  the  bone-marrow  as  being  the  chief  seat  (but 
not  the  only  one)  of  formation  of  red  blood-corpuscles  in  the 
embryo,  the  spleen  and  the  lymphatic  glands  as  the  seat  of 
formation  of  leucocytes.    As  embryonic  life  goes  on,  the  number 


174  THE  PATHOLOGY  OP  THE  BLOOD 


of  nucleated  red  blood  corpuscles  diminishes,  that  of  non-nucleated 
red  blood-corpuscles  increases.  It  is  agreed  by  almost  all  authors 
that  there  is  a  direct  change  of  the  former  into  the  latter,  but 
where  this  change  takes  place,  and  whether  the  normal  red 
blood-corpuscle  is  produced  by  disappearance  of  the  nucleus 
within  the  nucleated  red  blood-corpuscle  (Bizzozero,  Neumann), 
or  by  an  extrusion  of  the  nucleus  which  itself  becomes  the 
normal  red  blood-corpuscle  (Kindfleisch,  Howell),  is  uncertain. 
According  to  Ehrlich,  both  of  these  modes  of  transformation 
occur — extrusion  in  the  case  of  the  production  of  normal  erythro- 
cytes from  normoblasts,  disintegration  of  the  nucleus  within  the 
cell  in  the  production  of  megalocytes  from  megaloblasts. 

In  adult  life,  red  blood -corpuscles  are  commonly  regarded  as 
arising  from  the  nucleated  corpuscles  holding  haemoglobin  that 
are  constantly  found  in  normal  red  medulla  of  bone  ;  these  cells 
are  often  seen  undergoing  mitotic  division.  There  is  the  same 
uncertainty  in  adult  life  as  in  the  embryo  as  to  the  direct  method 
whereby  the  non-nucleated  is  formed  from  the  nucleated  corpuscle. 
Whether  the  spleen  takes  any  share  in  the  formation  of  red 
blood-corpuscles  in  the  normal  adult  is  doubtful.  Some  authors 
(Neumann  and  his  school)  deny  to  the  spleen  any  such  function ; 
Kindfleisch,  on  the  other  hand,  regards  the  spleen  as  the  chief 
seat  of  hsematopoiesis  ;  Lowit  considers  that  spleen  and  medulla 
of  bone  take  approximately  equal  parts  in  the  process.  Eecently, 
Paton,  Gulland,  and  Fowler  have  reinvestigated  the  subject,  and 
find  that  normally  there  is  no  formation  of  erythrocytes  in  the 
spleen,  and  that  the  number  of  leucocytes  in  the  blood  of  the 
splenic  vein  is  actually  a  little  below  that  in  the  splenic  artery. 
Moreover,  they  found  that  after  hEemorrhage  in  rabbits  and 
hsematolysis  in  dogs,  the  normal  erythrocytic  count  is  regained  as 
soon  in  splenectomised  as  in  normal  animals,  and  that  injection  of 
splenic  extract  does  not  cause  the  haematopoiesis  that  is  induced 
by  injection  of  bone-marrow  extract.  For  these  reasons  they 
deny  that  the  spleen  is  a  blood-forming  organ  in  these  animals. 
The  greater  number  of  authors,  however,  take  up  an  intermediate 
position  and  regard  the  haematopoietic  function  of  the  spleen 
(which  undoubtedly  obtains  in  embryonic  life)  as  being  latent  in 
adult  animals  and  man,  but  ready  to  be  woke  into  activity  when- 
ever there  is  a  necessity  for  rapid  regeneration  of  blood. 

As  to  the  relation  between  erythrocytes  and  leucocytes  Miiller 
believes  that  both  arise  from  one  common  mother-cell  in  adult 
life,  Lowit  that  erythrocytes  and  leucocytes  arise  from  two 
different  kinds  of  nucleated  cell,  neither  of  which  contains 
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haemoglobin,  and  which  he  has  called  '  erythroblasts '  and 
'  leucoblasts.'  Since  in  the  embryo  red  blood-cells  are  present 
at  a  time  when  leucocytes  have  not  yet  made  their  appearance, 
a  twofold  source  of  origin  seems  the  more  probable.  There  is 
no  .evidence  that  red  blood-corpuscles  directly  originate  from 
leucocytes,  though  this  view  was  largely  held  at  one  time. 

Formation  of  Leucocytes  in  Normal  Life.— The  seat  of  leuco- 
cyte formation  in-  adult  hfe  constitutes  at  the  present  time  one 
portion  of  the  whole  controversy  as  to  the  relationship  of  the 
different  varieties  of  leucocyte.  If  the  leucocytes  that  one  finds 
circulating  in  the  blood  are,  as  some  authors  believe,  but  stages  m 
the  hfe  history  of  one  kind  of  cell,  the  youngest  recognisable  form 
of  which  is  the  lymphocyte,  then  the  matter  is  comparatively 
simple,  for  in  the  lymphatic  glands  are  enormous  numbers  of 
typical  lymphocytes,  and  the  numerous  mitotic  figures  that  are 
found  in  the  cells  inhabiting  the  glands  are  evidence  that  cell 
division  is  going  on  here  with  great  rapidity. 

But  though  it  is  agreed  on  all  hands  that  the  lymphatic  glands 
are  a  highly  important  source  of  leucocytes,  and  though  the 
lymphocyte  is  usually  regarded  as  a  young  form  of  any  variety  of 
leucocyte,  many  authors  find  a  difficulty  in  accepting  the  view 
that  ail  leucocytes  of  the  blood  have  a  common  origin.    This  is 
partly  because  the  distribution   of   the   different  varieties  of 
wandering  cell  in  different  species  of  animal  is  not  uniform, 
partly  because  the  so-called  transitional  forms  are  never  observed 
except  after  the  cells  have  been  killed,  but  principally  because  the 
morphological  appearances  and  the  histo-chemical  reactions  of 
the  cells  are  not  the  same,  and  because  the  functions  of  the  cells, 
as  will  be  seen  later,  in  many  cases  seem  to  be  absolutely 
different.    Virchow  long  ago  regarded  the  small  leucocytes  as 
arising  from  the  lymphatic  glands,  and  the  large  leucocytes  as 
arising  in  the  spleen.    At  the  present  day,  besides  lymphatic 
glands,  the  bone-marrow  is  regarded  as  certainly,  and  the  inter- 
stitial connective  tissue  as  most  probably,  a  further  seat  of 
leucocyte  formation.    Accumulated  evidence  tends  to  deny  to  the 
spleen  even  a  share  in  the  formation  of  leucocytes,  but  the 
question  cannot  be  regarded  as  settled. 

Origin  of  Leucocytes  in  LeuchcBmia. — When  inquiring  into 
the  origin  of  the  leucocytes  that  are  present  in  enormous 
numbers  in  leuchoemic  blood,  especially  when  the  disease  is  of 
the  spleno-medullary  type,  it  is  striking  that  many  of  the  cells 
present  in  the  blood  correspond  closely,  if  not  exactly,  to  cells 
normally  found  in  the  red  bone-marrow  of  the  embryo.  More- 
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•over,  the  fact  that  the  cells  in  the  bone-marrow  in  spleno- 
medullary  leuchEemia  are  greatly  increased  in  numbers,  suggests 
that  the  cause  of  the  leuchaemia  is  a  hyperactivity  of  the  bone- 
marrow,  and  that  the  spleen  and  the  lymph-glands  aid  in  the 
process.  This  view  is  very  commonly  held,  and,  as  has  been 
■said,  certain  cells  found  in  the  blood  are  definitely  called  '  myelo- 
cytes,' 'medullary  cells,'  'cellules  medullaires,'  '  Markzellen,' 
while  the  expression  '  myelogenous  '  is  used  in  connection  with 
particular  varieties  of  leuchaemia.  It  is  quite  obvious,  however, 
i;hat  the  medullary,  splenic,  lymphatic,  and  haemal  changes  may 
be  simultaneous  expressions  of  one  and  the  same  cause  as  yet 
unknown.  It  is  therefore  advisable  to  use  terms  which  do  not 
'finally  dispose  of  a  question  which  cannot  as  yet  be  considered  as 
beyond  doubt,  and  for  this  reason  the  expressions  'atypical 
oxyphil  (eosinophil)  cell '  and  '  atypical  hyaline  cell '  have  been 
used  for  '  myelocyte,'  and  '  medullary  '  has  been  used  for  '  myelo- 
genous '  in  the  preceding  pages.  Even  in  the  case  of  the  mono- 
nucleated  non-granular  cells  found  in  excessive  numbers  in 
►lymphatic  leuchaemia  it  is  not  absolutely  certain  that  they 
originate  from  the  enlarged  lymphatic  glands.  Nevertheless,  in 
"spite  of  the  view  that  has  been  put  forward  that  they  too  are 
iormed  in  the  bone-marrow,  an  origin  in  the  lymph  glands  seems 
rthe  more  probable. 

Origin  of  Red  Blood-corpuscles  in  the  Anosmias. — The  cellular 
I  changes  in  leucheemic  blood,  which  are  principally  confined 
to  the  wandering  cells,  and  are  distinctly  pathological,  must  be 
;sharply  separated  from  the  cellular  changes  that  occur  in  other 
anaemic  conditions  and  are  evidence  of  a  physiological  regeneration 
►of  blood.    In  all  cases  of  anaemia,  of  whatever  kind,  evidences  of 
blood  regeneration  are  to  be  found  to  a  greater  or  less  extent, 
and  in  all  cases  in  which  they  are  well  marked  the  bone-marrow, 
at  all  events,  shows  a  change.    Marrow  that  is  normally  yellow, 
'becomes  red,  highly  vascular,  and  highly  cellular.    In  particular 
it  contains  numbers  of  nucleated  red  blood-corpuscles,  and  there 
■can  be  no  doubt  that  the  nucleated  red  blood-corpuscles  present 
in  the  blood  in  severe  anaemia — especially  in  anaemias  in  which  a 
great  diminution  in  the  number  of  red  blood-corpuscles  occurs — 
-"arise  from,  or  are  identical  with,  the  nucleated  red  blood-corpuscles 
in  the  bone-marrow.    Whether  the  spleen  takes  a  share  in  normal 
ihaematopoiesis,  we  have  already  said,  is  very  doubtful,  but  the 
balance  of  evidence  derived  from  extirpation  of  the  spleen,  from 
.histological  examination  of  the  spleen  in  experimental  anaemia, 
.and  from  comparison  of  the  blood  in  splenic  artery  and  vein, 
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•seems  to  support  the  view  that,  though  this  organ  probably  takes 
no  share  in  the  formation  of  red  blood-corpuscles  in  normal  adult 
life,  it  reverts  in  part  to  its  embryonic  functions  whenever  severe 
antemia  is  present. 

(v)  Effects  of  Anaemia  upon  the  Body.— The  effect  of  anaemia 
upon  the  body  at  large,  and  upon  the  manner  in  which  the  various 
organs  exercise  their  functions,  is  a  subject  upon  which  very  little 
can  be  said,  although  there  can  be  no  doubt  that  the  effects  of 
anaemia  must  be  wide-spread  and  frequently  of  the  highest 
importance.  The  greater  part  of  the  symptoms  produced  are 
those  due  to  insufficiency  of  htemoglobin,  and,  as  a  consequence, 
pallor  is  characteristic  of  the  condition.  Since,  too,  haemoglobin 
i-s  intimately  bound  up  with  the  oxygen-carrying  function  of  the 
blood,  it  follows  that  in  anaemia  the  supply  of  oxygen  to  the 
tissues  is  diminished.    The  result  of  this  is  threefold. 

1.  The  respiratory  centre  in  the  medulla  oblongata  is  affected. 
The  activity  of  this  centre  is  increased  whenever  the  amount  of 
oxygen  which  '  it  receives  in  the  blood  is  diminished  below  a 
certain  point.  Under  normal  circumstances  the  amount  of 
oxygen  in  the  blood  is  sufficiently  great  that  small  demands  made 
by  other  parts  of  the  body,  and  especially  the  muscles,  can  be 
met  without  lowering  the  amount  of  oxygen  in  the  blood  to  such 
an  extent  as  to  lead  to  undue  activity  of  the  respiratory  centre. 
For  example,  a  healthy  person  can  run  upstairs  without  panting. 
But  in  anaemia  the  case  is  different,  in  that  the  blood  carries  an 
amount  of  oxygen  which,  in  severe  cases,  is  barely  sufficient  to 
insure  a  normal  rate  of  respiration  when  the  patient  is  at  rest. 
The  least  exertion,  therefore,  being  accompanied  by  an  increased 
demand  for  blood  on  the  part  of  the  muscles  concerned,  and  by 
an  active  dilatation  of  their  blood-vessels,  reduces  the  amount  of 
blood,  and  therefore  of  oxygen,  which  the  respiratory  centre 
receives  below  the  point  at  which  increased  activity  is  called 
forth,  and  hence  in  severe  anaemia  moderate  exertion  is  accom- 
panied by  a  great  increase  in  the  rapidity  of  respiration.  To 
continue  the  example  given  above,  a  chlorotic  girl  complains  of 
•shortness  of  breath  on  mounting  stairs. 

2.  As  the  result  of  deficient  oxygenation,  fatty  changes  take 
place  in  various  organs.  It  will  be  seen  later  that  perhaps  the 
chief  cause  of  fatty  change  is  deficiency  in  the  supply  of  oxygen. 
In  the  case  of  chlorotic  girls,  the  amount  of  fat  throughout  the 
body  generally,  but  especially  in  the  subcutaneous  connective- 
tissue,  is  considerable,  and  the  plumpness  of  these  persons  is 
almost  characteristic.    In  the  case  of  pernicious  anoDmia,  fatty 
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degeneration  is  often  very  extensive ;  it  affects  in  particular  the 
musculi  papillares  of  the  heart  and  causes  them  to  take  on  a 
pecuUar  macroscopic  appearance  which  is  known  as  '  tabby-cat 
striation.'  The  muscle-fibres  of  the  diaphragm  are  also  fre- 
quently affected.  That  the  fatty  change  in  the  heart  muscle  must  be 
regarded  as  an  expression  of  the  deficient  nutrition  and  oxygena- 
tion of  the  heart,  there  can  be  no  doubt,  for  the  blood  state  is 
such  that  nutrition  and  oxygenation  cannot  possibly  be  carried 
out  in  a  normal  manner.  But,  besides  its  dependence  upon 
deficient  nutrition  and  oxygenation,  it  is  possible — even  prob- 
able— that  the  change  is  in  part  due  to  the  action  of  some  toxic 
substance  circulating  in  the  blood.  It  has  already  been  said  that 
the  blood  changes  in  pernicious  anaemia  are  by  many  authors 
regarded  as  due  to  an  unknown  toxin,  and  so  far  as  fatty  changes 
are  concerned,  it  is  known  that  many  poisons,  bacterial  and  non- 
bacterial, lead  to  fatty  degeneration.  We  shall  probably  not  err 
greatly  if  we  regard  the  fatty  change  that  occurs  in  various 
situations  in  all  cases  of  prolonged  anaemia  as  due  to  the  deficient 
supply  of  nutrition  and  oxygen,  aided  in  some  cases  by  a  direct 
poisoning  of  the  tissue  in  question. 

3.  It  is  noticed  that  severe  anaemia,  especially  when  it  is 
suddenly  produced,  as,  for  example,  by  severe  post-partum  haemor- 
rhage, is  accompanied  by  the  onset  of  epileptiform  convulsions. 
These,  it  has  been  experimentally  proved,  are  associated  with 
anaemia  of  the  brain. 

Besides  breathlessness,  fatty  changes,  and  epileptiform  con- 
vulsions, anaemia,  if  severe  and  prolonged,  is  very  commonly 
associated  with  small  amounts  of  oedema.  In  the  author's  opinion, 
this  oedema  is  essentially  dependent  upon  deficient  nutrition  of 
the  tissues,  but  the  question  will  be  discussed  along  with  other 
forms  of  oedema  in  the  following  chapter. 

Hsemorrhages,  scanty  or  profuse,  whether  subcutaneous  or 
from  mucous  surfaces,  are  not  uncommon  in  severe  anaemia  of 
whatever  kind.  It  is  not  easy  to  understand  how  these  haemor- 
rhages are  brought  about.  In  view  of  the  fact  that,  at  all  events 
in  leuchsemia  and  in  anaemia  due  to  actual  haemorrhage,  the 
coagulability  of  the  blood  is  increased,  the  possibility  that  haemor- 
rhages seen  in  anaemia  are  due  to  deficient  coagulability  of  the 
blood  may  be  set  on  one  side.  The  most  reasonable  explanation 
left  is  that  the  blood-vessel  walls  are  altered.  In  the  arteries  of 
antemic  persons  it  is  known  that  fatty  changes  of  the  intima  are 
common,  and  it  is  possible  that  abnormaHty  of  the  blood  produces 
some  alteration  in  the  capillaries  and  arterioles  whereby  they. 
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rupture  with  extreme  ease.  But  whether  this  alteration  exists, 
and  whether,  if  it  exists,  it  is  ultimately  due  to  starvation  or  to 
the  direct  action  of  some  toxic  substance,  it  is  impossible  to  say. 
In  the  latter  case,  the  haemorrhages  would  be  in  some  degree 
comparable  with  those  frequently  seen  in  severe  cases  of  infective 
disease. 

VI.  Leucocytosis  and  Leucopenia. — Increase  and  diminution 
in  the  number  of  leucocytes  present  in  the  blood  are  known  under 
a  variety  of  conditions,  which  do  not  come  under  the  heading  of 
ansemia ;  the  existence  of  a  physiological  leucocytosis  and  a 
physiological  leucopenia  have  already  been  mentioned.  But 
leucocytosis  and  leucopenia  have  been  shown  to  play  a  very  pro- 
minent part  in  many  pathological  processes,  particularly  in  con- 
nection with  inflammation  and  immunity.  The  theoretical 
considerations  concerned  with  variations  in  the  number  of  leuco- 
cytes are  so  important  that  they  demand  special  attention,  and 
will  be  dealt  with  along  with  inflammation  and  infection.  Here 
we  shall  confine  ourselves  to  certain  broad  statements  of  fact. 

The  best  known  pathological  conditions  accompanied  by  a 
definite  leucocytosis  are  those  in  which  the  body  is  the  subject  of 
inflammation  of  various  kinds,  especially  when  suppurative  {e.g, 
appendicitis),  of  some  acute  infective  disorders,  or  of  malignant 
new-growths  ;  leucocytosis  also  occurs  to  a  marked  degree  after 
haemorrhage,  and  when  various  chemical  substances  are  intro- 
duced into  the  circulation.  The  last-mentioned  variety  of  leuco- 
cytosis will  be  considered  along  with  the  phenomenon  known 
as  '  chemiotaxis.' 

The  characteristic  point  about  leucocytosis  is  that  it  is  essen- 
tially a  temporary  condition.  In  acute  infective  disorders  of 
man  it  usually  shows  itself  during  the  febrile  stages,  and  the 
increase  principally  concerns  the  finely  granular  oxyphil  cells. 
In  croupous  pneumonia  the  number  of  leucocytes  is  frequently 
doubled  or  trebled,  and  not  uncommonly  the  curve  given  by  the 
number  of  leucocytes  in  the  blood  runs  parallel  with  the  curve 
given  by  the  temperature  of  the  patient.  Though  in  the  majority 
of  cases  leucocytosis  occurs,  it  is  not  invariable ;  this  is  an 
important  point,  for  when  leucocytosis  is  well  marked  the  case 
will  generally  run  a  favourable  course,  but  if  there  is  leucopenia 
the  prognosis  is  not  so  hopeful.  Immediately  before  the  crisis 
the  leucocytosis  is  commonly  at  its  height,  and  in  this  disease,  as 
also  in  erysipelas,  the  leucocytosis  lasts  only  a  short  time  after 
the  temperature  has  fallen  to  normal.  In  scarlatina,  on  the  other 
hand,  the  leucocytosis  apparently  persists  long  after  all  signs  of 
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the  disease  have  disappeared.  In  uncomplicated  typhoid  fever, 
according  to  von  Limbeck,  hsemal  leucopenia  is  always  present, 
and  when,  as  is  sometimes  the  case,  leucocytosis  is  found,  it  is  due 
to  some  pneumonic  or  suppurative  complication.  Mayer,  how- 
ever, and  Nageli  have  reinvestigated  the  subject,  and  find  that 
though  there  is  undoubted  leucopenia  during  the  height  of  the 
disease,  yet  there  is  a  gradual  return  to  normal  as  convalescence 
becomes  established.  The  leucopenia  particularly  concerns  the 
finely  granular  oxyphil  cells  and  the  lymphocytes.  According  to 
Nageli,  during  the  first  stage  of  rising  fever  there  is  a  moderate 
leucocytosis  of  the  finely  granular  oxyphil  cells,  which,  however, 
soon  disappears.  Uncomplicated  malaria  and  tuberculosis  are 
unaccompanied  by  any  alteration  in  the  number  of  leucocytes 
present  in  the  blood.  Asiatic  cholera  is  of  some  interest  in  this 
connection,  since  the  marked  leucocytosis,  which,  according  to 
Biernacki,  is  seen  during  the  algid  stage  of  the  disease,  does  not 
appear  to  be  of  the  same  favourable  prognostic  value  that  it  is 
when  it  occurs  in  croupous  pneumonia. 

Schlesinger  has  investigated  the  subject  of  leucocytosis  in 
infections,  experimentally.  In  rabbits,  using  many  different 
varities  of  micro-organisms,  he  found  that  immediately  after 
injection  there  occurs  a  leucopenia  which  goes  on  to  hyper-leuco- 
cy tosis  in  cases  ending  in  recovery,  but  only  to  a  slight  leucocytosis 
in  cases  ending  fatally.  In  rabbits  he  found  that  injection  of 
B.  typhosus  led  to  hyperleucocytosis. 

With  regard  to  the  effect  of  malignant  new-growths,  both 
carcinoma  and  sarcoma  are  liable  to  be  accompanied  by  leuco- 
cytosis, but  the  leucocytosis  is  neither  so  constantly  present  nor 
so  considerable  when  the  new-growth  is  carcinoma.  In  the  case 
of  carcinoma  with  leucocytosis,  though  the  number  of  leucocytes 
present  per  cubic  millimetre  of  blood  is  usually  about  10,000,  as 
many  as  80,000  per  cubic  millimetre  have  been  known.  Grawitz 
has  shown  that  in  rabbits  intra-vascular  injection  of  an  extract  of 
cancerous  material  leads  to  great  leucocytosis,  and  it  is  possible 
that  a  softening  and  absorption  of  cancerous  material  may  explain 
the  excessive  degree  of  leucocytosis  in  human  cases,  but  this 
cannot  at  present  be  regarded  as  certain.  Price  Jones  has  shown 
that  the  leucocytosis  in  cases  of  carcinoma  is  similar  to  that 
occurring  under  other  conditions  in  respect  of  the  relative  pro- 
portions of  the  different  varieties  of  leucocyte  present.  Further, 
he  finds  that  such  leucocytosis  only  occurs  when  the  fatal  event 
is  not  far  off,  and  regards  it  as  being  really  due  to  a  '  terminal 
infection.' 
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Leucocytosis  along  wiih  sarcomata  is  very  constant  and  well 
marked,  the  average  nmnber  of  leucocytes  present  being  about 
12,000  per  cubic  millimetre,  but  this  figure  is  often  greatly 
exceeded.  In  the  case  of  round  cell  sarcomata,  probably  there  is 
always  a  certain  amount  of  doubt  whether  some  of  the  colourless 
cells  in  the  blood  may  not  be  sarcoma  cells. 

Eemoval  of  a  malignant  new-growth  appears  to  exert  a 
marked  effect  upon  the  leucocytosis,  and  in  this  respect  affords  a 
great  contrast  to  the  absence  of  effect  that  removal  of  a  malignant 
new-growth  has  upon  the  number  of  red  blood-corpuscles  {cf. 
p.  166).  This  is  well  shown  by  the  following  two  of  several  cases 
recorded  by  Hayem.  Before  operation  in  a  case  of  cancer  of  the 
mamma  the  number  of  leucocytes  present  per  cubic  millimetre  of 
blood  was  21,700,  after  complete  healing  of  the  wound  it  was 
found  to  be  6,200  per  cubic  millimetre.  Before  operation  in  a 
case  of  osteosarcoma  the  number  of  leucocytes  per  cubic  milli- 
metre of  blood  was  11,250,  after  healing  of  the  wound  it  was 
5,270. 

After  hsemorrhage,  especially  if  severe,  a  leucocytosis  is  seen 
which  may  be  well  marked.  It  begins  to  show  itself  10-15 
minutes  after  the  loss  of  blood  has  occurred,  and  often  lasts  for 
several  days.  Hoche  has  shown  that  one  of  the  primary  effects 
of  haemorrhage  upon  the  lymphatic  circulation  is  an  immediate 
but  short  increase  in  the  rate  of  lymph  flow.  It  is  probable  that 
a  portion  of  the  leucocytosis  depends  upon  the  fact  that  large 
numbers  of  leucocytes  are  washed  from  the  lymphatic  glands  into 
the  circulation,  but  this  can  hardly  account  for  the  persistence  of 
leucocytosis  over  several  days,  since  in  Hoche's  experiments  the 
lymph  flow  returned  to  the  normal,  if  it  did  not  actually  fall 
below  normal,  after  five  or  six  minutes.  Moreover,  the  leuco- 
cytosis does  not  chiefly  concern  the  lymphocytes,  as  would  be 
expected  on  this  hypothesis,  but  the  finely  granular  oxyphil  cells. 
It  is  possible  that  some  obscure— possibly  septic — process  plays 
part  in  causing  the  leucocytosis,  but  in  any  case  it  is  certain  that 
neither  the  trauma  nor  the  actual  loss  of  blood  can  explain  it  in 
full. 

Leucopenia  is  a  condition  concerning  which  but  little  is  known. 
Lowit  has  shown  that  gradual  tying  down  of  a  rabbit  causes  a 
marked  leucopenia  which  especially  affects  the  hyaline  cells  and 
lymphocytes  (uninuclear  cells).  On  the  other  hand,  if  the  animal 
be  tied  down  suddenly,  or  shock  be  produced  by  vigorously  shaking- 
it  or  striking  it  on  the  head,  there  is  a  rapid  leucopenia  which 
affects  all  kinds  of  leucocytes.    The  leucopenia  in  the  first  case 


182 


THE  PATHOLOGY  OF  THE  BLOOD 


Lowit  ascribes  to  arrest  of  development  of  leucocytes  in  the  blood- 
forming  tissues,  that  which  occurs  in  the  second  case  he  regards 
as  due  to  leucolysis  or  an  actual  destruction  of  leucocytes. 
Similar  results  may  be  brought  about  by  cooling  the  body  surface. 
Sherrington  found  in  the  case  of  severe  local  inflammations  that 
there  is  a  diminution  in  the  number  of  coarsely  granular  oxj^phil 
cells  in  the  blood.  This  is  a  matter  of  importance,  in  view  of  the 
fact  that  large  numbers  of  these  cells  are  found  at  the  seat  of 
inflammation.  Under  pathological  conditions  leucopenia  generally 
points  to  a  severe — and  possibly  a  fatal — infection. 

Both  leucocytosis  and  leucopenia  will  call  for  additional 
remarks  in  connection  with  the  subjects  of  inflammation,  chemio- 
taxis,  susceptibility,  and  immunity. 
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CHAPTER  VII 


THE  PATHOLOGY  OF  THE  BLOOD  {continued) —  WITH 
ESPECIAL  BEFERENCE  TO  THE  BLOOD-PLASMA, 
(EDEMA,  AND  ABSORPTION 


Synopsis. 

I.  The  Chemical  Composition  of  Blood- 
plasma  and  Serum. 
II.  Filtration  in  Pathological  Problems. 

III.  Osmosis  in  Pathological  Problems. 

IV.  Lymph -formation : 

(i)  Ludwig. 

(ii)  Heidenhain. 

(iii)  Starling. 

(iv)  Hamburger.' 

(v)  The  Author. 

V.  Qidema-formation  : 

(i)  Clinical  Varieties  of  (Edema. 

(ii)  Composition  of  (Edema  Fluids.  VI. 

(iii)  The  Pathology  of  (Edema  : 

(a)  Older  Views. 


(iii)  The  Pathology  of  (Edema  :, 
ih)  Modern  Views, 
(c)  The  Author's  View. 

(a)  Importance  of  Tissues 
in  (Edema-formation. 
(iS)  Importance  of  Blood- 
vessels   in  (Edema- 
formation. 
(7)  Explanation  of  Distri- 
bution of  (Edema. 
(S)  Source  of  (EdemaFluid. 
(e).  Summary. 

Absorption  of  (Edema  Fluid  : 

(1)  Part  played  by  Lymphatics. 

(2)  Part  played  by  Blood-vessels. 


An  essential  part  of  the  pathology  of  the  blood  has  reference  to 
the  relationship  between  the  blood-plasma  and  the  tissues,  since 
under  a  large  number  of  pathological  conditions  there  is  found  in 
the  tissues  and  the  serous  cavities  an  excessive  amount  of  fluid 
which  can  only  have  collected  there  because  the  normal  equilibrium 
between  blood,  tissues,  and  lymphatics  has  been  disturbed.  This 
general  condition,  which  is  known  under  the  names  of  '  oedema,' 
'  dropsy,'  '  anasarca,'  &c.,  will  be  discussed  in  the  present  place, 
but  pathological  conditions  in  which  the  blood-plasma  is  altered 
in  composition  {e.g.  diabetes  melhtus  and  jaundice)  will  not  be- 
considered  here,  but  along  with  the  special  diseases  in  which  the 
blood  changes  occur.  Those  changes,  too,  which  concern  the 
blood  serum  and  are  of  especial  importance  in  connection  with 
immunity,  will  be  considered  along  with  the  latter  subject. 

At  the  very  outset  it  must  be  pointed  out  that,  though  it 
has  long  been  possible  to  examine-  the  blood-corpuscles,  and! 
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especially  the  leucocytes,  in  a  living,  and  therefore  m  an  ap- 
proximately normal  condition,  this  is  not  the  case  with  the  blood- 
plasma.  Coagulation  of  the  blood,  which  of  course  essentially 
concerns  the  blood-plasma,  supervenes  so  quickly  after  removal  o± 
the  blood  from  the  body,  when  that  removal  is  carried  out  m  the 
ordinary  way,  that  observations  upon  normal  blood-plasma  were 
hardly  to  be  made  before  Delezenne  introduced  his  method  of  col- 
lecting blood  in  paraffined  tubes.  Moreover,  but  few  observations 
have  been  made  under  the  new  conditions,  so  that  the  properties  of 
blood-plasma  in  pathological  states  still  remains  an  unexplored 
field  of  research.  So  far,  therefore,  observations  made  with 
blood-serum  or  with  the  plasma  obtained  when  blood  has  been 
rendered  incoagulable  by  the  addition  of  potassium  oxalate,  com- 
mercial peptone,  &c.,  are  the  only  ones  at  om*  disposal. 
Naturally,  observations  made  with  these  materials  outside  the 
body  must  be  used  to  explain  processes  going  on  within  the 
Hving  body  with  the  greatest  reserve.  In  some  instances,  how- 
ever, they  may  be  used  without  risk  of  serious  error. 

I.  The  Chemical  Composition  of  Blood-plasma  and  Serum.— 
It  is  impossible  to  give  here  a  detailed  account  of  the  chemistry 
of  the  blood-plasma  and  serum,  but  it  is  necessary,  in  view  of  the 
physical  processes  which  are  immediately  to  be  discussed,  to  bear 
in  mind  that  blood-plasma  and  serum  are  albuminous  fluids, 
holding  certain  crystalloid  substances  in  solution.     The  proteids 
of  serum  are  serum-globuhn  and  serum-albumin ;  the  amounts  of 
these  two  substances  present  vary  in  different  species  of  animal, 
whether  warm-blooded  or  cold-blooded.  In  man  the  total  amount 
of  proteid  present  in  the  serum  is  on  an  average  7-6  per  cent.,  of 
which  3-1  per  cent,  is  serum-globuhn,  4-5  per  cent,  is  serum- 
albumin  (Hammarsten).     These  numbers  are  remarkably  con- 
stant, though  of  course  the  percentage  diminishes  whenever  the 
amount  of  water  in  the  blood  is  increased  or  when  there  is  a  great 
loss  of  proteid,  as,  for  example,  in  lardaceous  disease  of  the 
kidney,  and  increases  when  there  is  a  great  loss  of  water  from  the 
blood,  as,  for  example,  in  Asiatic  cholera.    Inorganic  crystalloids 
are  present  in  blood-serum  and  plasma  to  about  -8  per  cent.,  of 
which  -5  per  cent,  consists  of  sodium'  chloride.    The  remainder  is 
composed  of  sodium,  potassium,  calcium,  and  magnesium  in  com- 
bination with  sulphuric,  carbonic,  and  phosphoric  acids,  and  with 
chlorine.    Keference  has  already  been  made  to  the  question  of 
the  alkalinity  of  blood.    Excepting  in  the  fact  that  it  contains 
a  far  smaller  amount  of  proteid,  it  is  practically  impossible  to  give 
any  distinguishing  chemical  feature  between  blood-plasma  and 
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lymph ;  in  particular,  the  amounts  of  crystalloid  substances  in 
the  two  fluids  are  approximately  the  same. 

II.  Filtration  in  Pathologrical  Problems. — When  considering 
filtration  in  connection  with  lymph-  and  oedema-formation  it  must 
be  remembered  that  the  process  canno'  be  identical  with  ordinary 
filtration  outside  the  animal  body.  When  filtering  a  solution  of 
any  crystalloid  in  the  ordinary  way,  with  air  on  the  other  gide  of 
the  filter,  the  amount  of  fluid  which  passes  through  the  filter 
varies  directly  with  the  pressure  under  which  the  solution  is 
placed,  and  the  degree  of  concentration  attained  by  the  filtrate 
may  be  either  equal  to  or  less  than  the  degree  of  concentration 
of  the  filtering  fluid,  but  it  can  never  be  greater.  But  in  the 
animal  body  there  is  no  region  where  such  a  condition  could 
easily  obtain  except  the  lungs,  and  hence  it  is  necessary,  in 
investigating  filtration — especially  in  connection  with  lymph- 
formation — outside  the  body,  to  replace  air  on  the  distal  side  of 
the  filter  by  a  liquid.  This  has  been  done  by  Cohnstein,  and 
though  it  is  difficult  to  accept  his  results  unreservedly,  owing  to 
the  fact  that  when  two  fluids  are  separated  by  a  membrane,  at 
least  two  other  physical  processes,  dialysis  and  osmosis,  are  going 
■on  in  addition  to  the  filtration,  and  therefore  complicate  the  final 
result,  yet  Cohnstein's  work  shows  that  it  is  very  unsafe  to  argue 
from  ordinary  filtration  to  filtration  within  the  animal  body. 
Moreover,  Euneberg  and  others  showed  that  when  filtration  is 
taking  place  under  ordinary  circumstances,  variations  in  the 
pressure  to  which  the  filtering  fluid  is  exposed  have  different 
effects  upon  the  percentage  composition  of  the  filtrate,  according 
as  the  filtering  fluid  contains  a  colloid  or  a  crystalloid.  In  the 
case  of  a  crystalloid,  Euneberg  found  that  the  percentage  composi- 
tion of  the  filtrate  varies  directly  with  the  pressure  under  which 
filtration  is  taking  place ;  but  in  the  case  of  a  colloid,  the  percentage 
composition  of  the  filtrate  varies  inversely  with  the  pressure  under 
which  filtration  is  taking  place. 

III.  Osmosis  in  Patholog-ical  Problems.— The  physical  pro- 
cess of  osmosis  has  of  late  years  been  very  prominently  brought 
forward  in  connection  with  lymph-  and  oedema-formation.  The 
points  wherein  it  differs  from  the  processes  of  diffusion  and 
dialysis,  with  which  it  is  frequently  confused,  can  best  be  under- 
stood by  the  following  examples. 

Diffusion. — If  a  20  per  cent,  solution  in  water  of  magnesium 
sulphate  be  placed  in  a  vessel,  and  on  it  be  carefully  placed  an 
equal  quantity  of  distilled  water,  there  will  be  recognisable  at 
first  a  fairly  well  marked  line  of   demarcation  between  the 
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two  different  fluids.  In  course  of  time,  even  though  the  vessel 
be  kept  at  complete  rest,  it  will  be  found  that  the  Ime  o 
demarcation  is  lost,  and  that  the  whole  contents  of  the  vessel 
consists  of  a  uniform  solution  of  10  per  cent,  magnesium 
sulphate.  The  mixture  has  taken  place  by  diffusion,  and  m  this 
process  no  membrane  is  concerned.  In  dialysis  and  m  osmosis, 
on  the  other  hand,  a  membrane  is  invariably  concerned. 

Dialysis.— If  a  20  per  cent,  watery  solution  of  magnesium 
sulphate  be  placed  on  one  side.  A,  of  a  permeable  membrane,  and 
distilled  water  be  placed  on  the  other  side,  B,  it  will  again  be 
found  after  a  time  that  the  composition  of  the  fluid  on  either 
side  of  the  membrane  is  10  per  cent,  magnesium  sulphate,  but  it 
is  obvious  in  this  case  that  molecules  of  the  crystalloid  m  A 
must  have  passed  through  the  membrane  into  B.  This  process 
is  dialysis. 

Osmosis. -If  a  crystalloid  in  solution  be  separated  loy  a. perfect 
semi-permeable  membrane  from  distilled  water  (the  crystalloid 
being  on  the  side  A  and  the  distilled  water  on  the  side  B  of  the 
membrane),  it  will  be  found  (1)  that  molecules  of  water  pass 
through  the  membrane  from  B  to  A  until  a  certain  pressure  has 
been  Reached  on  the  side  A  of  the  membrane,  and  that  then  the 
passage  of  water  molecules  through  the  membrane  ceases,  (2) 
that  during  this  time  no  molecule  of  the  crystalloid  passes  through 
the  membrane  from  A  to  B,  (3)  that  the  pressure  reached  m  A 
before  passage  of  water  molecules  through  the  membrane  from 
B  to  A  ceases,  is  approximately  the  same  for  all  chemically  in- 
different^ substances  in  equimclecular  solution.^    This  process  is 

osmosis.  . 

Another  fact  which  is  of  great  interest  from  the  point  of  view 
of  osmosis  must  be  mentioned.  It  is  known  that  the  freezing 
point  of  water  is  lowered  when  it  contains  a  crystalloid  m 
solution,  and  that  the  temperature  at  which  the  solution  com- 
mences to  freeze  is  lower  according  as  the  amount  of  crystalloid 
which  it  contains  is  greater.  It  has  been  shown  by  Van 't  Hoff 
and  others  that  in  the  same  way  as  the  final  osmotic  pressures 
of  indifferent  substances  in  equimolecular  solution  is  identical, 

'  An  indifferent  substance  is  one  which  cannot  be  electrolysed.  Glucose  and 
urea  are  indifferent  substances. 

Solutions  are  said  to  be  equimolecular  when  the  amounts  of  crystalloid  which 
they  contain  bear  the  same  ratio  to  one  another  as  is  borne  by  the  molecular 
weights  of  the  crystalloids  themselves.  Thus  a  1  per  cent,  solution  of  urea  is 
equimolecular  with  a  3  per  cent,  solution  of  glucose,  a  2  per  cent,  solution  of  urea  is 
equimolecular  with  a  6  per  cent,  solution  of  glucose,  and  so  on,  because  the  molecular 
weight  of  glucose  (180)  is  three  times  the  molecular  weight  of  urea  (60). 
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so  the  freezing  points  of  indifferent  substances  in  equimolecular 
solution  are  identical.  Normal  solutions  in  water  of  indifferent 
crystalloids  freeze  at  —18-9°  C.  This  discovery  is  one  of  very 
great  importance,  since  the  estimation  of  the  final  osmotic  pres- 
sure of  a  solution  is  a  difficult  matter,  while  a  determination  of 
its  freezing  point  is  quite  easy.  Solutions  which  have  the  same 
freezing  point,  and  which  therefore  have  the  same  final  osmotic 
pressure,  are  said  to  be  isotonic.  The  terms  hypertonic  and 
hypotonic  sufficiently  explain  themselves. 

Now,  though  it  is  certain  that  with  a  perfect  semi-permeable 
membrane  no  molecule  of  the  crystalloid  would  pass  through  the 
membrane,  such  a  condition  has  hitherto  never  been  obtained. 
Indeed,  under  ordinary  conditions  and  with  ordinary  membranes, 
dialysis  occurs  wherever  osmosis  is  taking  place,  osmosis  occurs 
wherever  dialysis  is  taking  place.  But  the  difference  between 
the  two  processes  is  that  theoretically  osmosis  can  take  place 
in  the  absence  of  dialysis  (and  practically  it  can  be  shown 
to  take  place  when  dialysis  is  so  small  as  to  be  negHgible), 
whereas  dialysis  can  never  occur  in  the  absence  of  osmosis,  even 
theoretically.' 

Having  described  the  physical  processes  that  may  be  con- 
cerned in  lymph-  and  oedema-formation,  we  can  now  turn  to  the 
principal  theories  that  have  been  put  forward  in  explanation  of 
the  undoubted  fact  that,  both  in  lymph- formation  and  in  oedema- 
formation,  fluid  leaves  the  blood-vessels,  in  the  latter  case  to 
such  an  extent  that  it  collects  in  the  tissues  and  serous  cavities. 
It  will  be  necessary  to  consider  the  theories  of  normal  lymph- 
formation  somewhat  in  detail,  partly  because  that  subject  has 
received  more  attention  than  oedema-formation  from  the  experi- 
mental point  of  view,  though  not  attention  over  a  longer  period 
of  years,  partly  because  there  is  reason  to  believe  that  the 
same  processes  obtain,  at  all  events  to  a  considerable  degree,  in 
both  cases.  Nevertheless,  it  is  impossible  to  give  more  than  a 
brief  outline  of  the  considerations  upon  which  these  theories  are 
based. 

IV.  Lymph-formation.— At  the  present  day  two  chief  views 
are  held  as  to  the  mode  of  lymph-formation.  On  the  one  hand, 
it  is  held  that  normally  the  lymph  is  separated  from  the  blood 
by  a  process  akin  to  filtration,  aided  by  osmotic  interchange  due 

'  The  physical  literature  of  osmosis  is  chiefly  to  be  found  in  papers  by  Van  't 
Hoff,  Arrhenius,  Ostwald,  Raoult,  Guklberg  and  others  in  the  Zeitschrift  fiir 
2^hysikalische  Chcniie,  from  its  commencement  in  1887. 
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to  chemical  differences  between  lymph  and  blood-plasma  ;  this 
may  be  called  the  physical  theory  of  lymph-formation.  On  the 
other  hand,  it  is  held  that  normally  the  lymph  is  actively 
secreted  by  the  endothelial  cells  of  the  vessel  wall ;  this  may  be 
called  the  vital  theory  of  lymph-formation. 

(i)  The  Experiments  of  Ludwigr  and  his   Pupils.— The 
physical  theory  of  lymph-formation  was  elaborated  by  Ludwig 
and  his  pupils  ;  they  maintained  that  lymph-formation  essentially 
depends  upon  the  difference  in  pressure  that  exists  in  the  capil- 
laries and  in  the  lymph  spaces  that  surround  the  capillaries,  that, 
in  other  words,  a  portion  of  the  blood-plasma  filters  through  the 
capillary  walls  and  constitutes  the  lymph.     It  was,  of  course, 
allowed  that  the  lymph,  as  found  in  the  lymphatic  vessels,  does 
not  represent  the  unaltered  fluid  that  transudes  through  the 
vessel  walls,  for  in  its  passage  between  the  tissue  cells  some  ele- 
ments are  taken  from  the  fluid,  others  are  added  to  it  by  the 
tissue  cells  themselves.    But  nevertheless  they  held  that  lymph 
is  essentially  a  filtrate,    As  a  filtrate,  too,  its  quantity  was  re- 
garded as  necessarily  dependent  upon  the  difference  between 
intra-  and  extra-capillary  pressure,  and  therefore  any  means 
whereby  the  capillary  pressure  was  raised  was  accompanied  by 
an  increased  outflow  of  lymph.     That  this  was  the  case,  they 
held,  was  readily  to  be  seen  in  the  excessive  amount  of  lymph- 
formation  which  occurs  whenever  the  venous  pressure  in  a  part 
is  increased,  and  the  oedema  seen  in  heart  disease  was  regarded 
as  a  complete  demonstration  of  the  fact  that  increased  exudation 
goes  hand  in  hand  with  increased  venous  and  capillary  pressure. 
A  difficulty  that  was  raised,  by  the  fact  that  the  fluid  which 
collects  in  the  tissues,  as  the  result  of  increased  venous  pres- 
sure (when  the  capillary  pressure  is  greatly  raised),  is  very  poor 
in  proteid  compared  with  fluid  poured  out  when  the  capillary 
jjressure  is  not  increased  to  so  obvious  an  extent,  was  largely 
overcome  by  Kuneberg's  discovery  that  in  the  filtration  of  an 
albuminous  fluid  through  fresh  intestine  of  rabbit,  the  percentage 
of  proteid  in  the  filtrate  varies  inversely  with  the  pressure  under 
which  filtration  is  taking  place.    But  from  Ludwig's  laboratory 
itself  difficulties  in  the  way  of  Ludwig's  views  were  made  known. 
'For  Paschutin  found  that  when  the  arterial  dilatation  produced 
in  the  fore  limb  of  an  animal  by  section  of  the  brachial  plexus  is 
further  increased  by  stimulation  of  the  cervical  spinal  cord,  an 
increased  flow  of  lymph  is  not  observed,  and  Emminghaus  found 
no  increase  in  iymph-flow  from  the  hind  limb  of  a  dog  after 
section  of  the  sciatic  nerve.     Yet  in  both  these  cases  the 
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increased  vascularity  of  the  part  was  very  manifest,  and  removal 
of  the  peripheral  resistance  locally  must  have  raised  the  capillary 
pressure  in  the  limbs. 

This  physical  view  of  lymph-formation — modified  to  some 
extent  by  various  conceptions  introduced  from  pathology,  tO' 
which  reference  will  be  made  later — was  held  almost  if  not 
quite  universally  until  Tigerstedt  and  Santesson  in  1885  and 
Heidenhain  in  1891  brought  forward  experiments  which  they 
considered  were  incompatible  with  Ludwig's  mechanical  explana- 
tion. 

(ii)  Heidenhain's  Experiments. — Heidenhain's  experiments 
were  of  two  kinds.  In  one  series  he  altered  the  pressure 
relations  in  the  blood-vessels,  in  the  other  he  injected  so-called 
'  lymphagogues  '  into  the  blood-stream. 

That  under  some  conditions  increased  pressure  in  the  blood- 
vessels leads  to  increased  lymph-flow,  Heidenhain  considered  as 
certain.  When  the  portal  vein  is  ligatured,  for  example,  the 
increased  amount  of  more  watery  lymph  that  is  obtained  from 
the  thoracic  duct  is,  according  to  him,  produced  in  a  strictly 
mechanical  fashion  ;  the  capillary  pressure  in  the  abdominal  area 
is  raised  to  a  maximum,  because  there  is  a  free  access  but  no 
outlet  for  the  blood.  But  Heidenhain  found  that  if  the  aorta  be 
obstructed  above  the  diaphragm,  though  the  arterial  blood- 
pressure  had  sunk  almost  to  zero,  very  little  change  occurred  in 
the  amount  of  l5anph  obtained  from  the  thoracic  duct,  and, 
indeed,  sometimes  it  was  actually  increased.  Moreover,  artificial 
obstruction  of  the  inferior  vena  cava  immediately  above  the 
diaphragm  caused  a  very  large  increase  in  the  amount  of  lymph- 
flow,  and  the  lymph  obtained  differed  from  the  ordinary  lymph 
of  venous  obstruction  in  being  far  more  concentrated  instead  of 
being  less  concentrated  than  normal. 

In  his  experiments  with  lymphagogues,  Heidenhain  divided 
these  substances  into  two  classes  :  the  first  comprised  such  sub- 
stances as  peptone,  leech  extract,  cray-fish  extract,  mussel  extract, 
and  produce  a  very  great  outflow  of  concentrated  lymph  when 
injected  in  very  small  quantities  into  the  circulation  ;  the  second 
class  comprised  crystalloids  such  as  glucose,  sodium  chloride,  &c., 
which,  when  injected  in  solution  into  the  blood,  lead  to  an 
increased  outflow  of  more  watery  lymph. 

In  the  case  of  both  of  these  classes  of  lymphagogue,  if  care  be 
taken,  injection  into  the  circulation  may  be  carried  out  without 
the  occurrence  of  any  alteration  in  the  arterial  blood-pressure. 
The  first  class,  according  to  Heidenhain,  acts  specifically  upon 
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the  endothelial  cells  of  the  capillaries,  causing  them  to  secrete 
an  increased  amount  of  a  fluid  more  concentrated  than  the  blood- 
plasma.  Lymphagogues  of  the  second  class,  he  considers,  produce 
an  increased  flow  of  more  watery  lymph,  because,  when  the 
molecules  of  crystalloid  reach  the  capillaries,  they  are  excreted 
by  the  endothelial  cells  into  the  lymph  spaces,  and  there  by 
osmosis  lead  to  a  flow  of  water  from  the  tissue  cells  into  the 
lymphatic  spaces. 

(iii)  Starlingr's  Experiments.  —  Though  the  accuracy  of 
Heidenhain's  observations  is  allowed  on  all  hands,  his  interpreta- 
tion of  his  results  has  met,  in  certain  quarters,  with  considerable 
opposition.  In  particular.  Starling  maintains  that  Heidenhain's 
experiments  are  explicable  on  the  assumption  that  lymph- 
formation  is  an  expression  of  two  factors,  capillary  pressure  and 
permeability  of  the  vessel  wall.  Along  with  Bayliss,  Starhng 
pointed  out  the  important  fact  that,  in  the  case  of  the  abdominal 
viscera  especially,  it  is  impossible,  to  arrive  at  any  conclusions 
concerning  capillary  pressures  from  consideration  of  arterial 
pressures.  For  the  determination  of  capillary  pressures,  since 
direct  measurement  is  out  of  the  question,  reliance  must  be  placed 
on  information  derived  from  the  blood-pressure  in  the  veins.  He 
pointed  out  that  with  obstruction  of  the  inferior  vena  cava  below 
the  diaphragm  there  is  a  great  increase  of  pressure  in  the  vena 
cava  and  in  the  portal  vein,  and  proved  that  all  the  lymph 
obtained  in  Heidenhain's  experiment  under  these  conditions 
comes  from  the  liver,  which  normally  supplies  a  highly  concentrated 
lymph.  A  similar  explanation  he  held  obtained  in  Heidenhain's 
experiment  of  obstructing  the  aorta. 

With  regard  to  the  action  of  lymphagogues.  Starling  also 
joined  issue  with  Heidenhain.  Lymphagogues  of  the  first  class, 
he  maintained,  act  by  increasing  the  permeability  of  the  vessel 
walls,  especially  in  the  liver,  whereby  the  normal  or  a  slightly 
raised  blood-pressure  leads  to  a  far  greater  output  of  a  lymph  that 
is  more  concentrated  than  normal.  The  change  in  the  liver 
capillaries,  which  results  after  injection  of  these  animal  substances 
into  the  circulation,  he  approximates  to  the  increase  of  perme- 
ability, which,  as  will  be  said  later,  was  regarded  by  Cohnheim  as 
accountable  for  the  increased  exudation  which  occurs  in  parts 
that  are  inflamed.  Lymphagogues  of  the  second  class,  according 
to  Starling's  view,  act  by  producing  a  condition  of  hydrsemic 
plethora  in  which  the  capillary  pressure  is  greatly  raised.  The 
hydrsemic  plethora  which  occurs  on  introduction  of  a  solution 
of  glucose  into  the  circulation  had  already  been  investigated 
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l)y  von  BrasDl,  who  had  shown  by  h^moglobinometry  that  the 
volume  of  the  circulating  blood  may  after  such  an  intra-vascular 
injection  of  glucose  be  doubled  or  even  trebled.  Starling  con- 
siders that  the  process  whereby  this  hydrsemic  plethora  is  pro- 
duced on  intra-vascular  injection  of  members  of  Heidenhain's 
second  class  of  lymphagogues  is  osmosis.  He  differs  from 
Heidenhain  in  that  he  holds  that  the  osmotic  process  takes  place 
into  the  blood-vessels  while  the  molecules  of  crystalloid  are  yet 
within  them,  whereas  Heidenhain  holds  that  it  does  not  take 
place  until  the  endotheUal  cells  of  the  capillaries  have  actively 
excreted  the  molecules  into  the  lymphatic  spaces.  Starling, 
therefore,  believes  that  there  is  no  need  to  assume  that  the 
capillary  walls  act  in  any  other  way  than  as  physical  membranes. 

(iv)  Hambupg-er's  Experiments.— Besides  Heidenhain  and 
Starling,  other  investigators  have  entered  into  the  controversy. 
Hamburger  investigated  the  lymph  which  flowed  from  the 
cervical  lymphatic  of  a  horse.  He  found  that  the  osmotic 
pressure  of  the  lymph  was  greater  than  the  osmotic  pressure  of 
the  serum  of  blood  taken  from  the  jugular  vein  {i.e.  the  lymph 
contained  more  crystalloid),  and  that,  the  horse's  head  being  kept 
at  rest  throughout,  when  the  animal  was  made  to  walk,  the 
amount  of  lymph  obtained  from  the  cervical  lymphatic  was  3-5 
times  as  great  as  when  the  animal  was  at  rest,  though  at  the 
same  time  the  carotid  pressure  sank.  From  these  and  from  other 
results  he  concludes  that  lymph-formation  cannot  be  due  to 
filtration,  but  is  a  secretory  process,  and  that  under  normal 
conditions  the  metabolic  products  of  the  tissues  are  the  stimulus 
which  excites  the  endothelial  cells  of  the  capillaries  to  activity. 
Cohnstein,  who  strongly  adheres  to  the  mechanical  theory  of 
lymph-formation,  attacked  certain  conclusions  drawn  by  Heiden- 
hain from  quantitative  analyses  of  blood-serum  and  lymph,  and 
was  in  his  turn  attacked  by  Mendel.  Hamburger's  results,  too, 
have  not  escaped  criticism,  for  Starling  and  Leathes  in  particular 
have  raised  objections  to  his  conclusions. 

(v)  The  Author's  Experiments.— The  author  believes  that 
filtration  and  osmosis,  as  they  are  understood  at  the  present  day, 
are  not  sufficient  to  account  for  lymph-formation.  He  pomted 
out  that  final  osmotic  pressures  were  such  as  to  be  rarely,  if  ever, 
attained  in  the  animal  body,  the  final  osmotic  pressure  of  a  -1  per 
cent,  solution  of  podium  chloride  being  about  580  mm.  of 
mercury,  or  at  least  three  times  the  aortic  blood  pressure  in  man. 
He  therefore  investigated  the  rate  at  which  osmosis  occurs  at  or 
about  atmospheric  pressure,  and  in  fluids  containing  proteid,  with 
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the  result  that  it  became  difficult  to  understand  how,  in  the 
animal  body,  osmosis,  in  the  ordinary  sense  of  the  term,  can  occur. 
He  further  found  that  the  amount  of  lymph  produced  on  intra- 
venous injection  of  perfectly  comparable  quantities  of  various 
chemical  substances  did  not  correspond  to  the  theoretical  amounts  _ 
anticipated  from  physical  experiment. 

From  the  foregoing  remarks,  it  is  clear  that  the  apparently 
simple  problem  as  to  the  manner  in  which  fluid  leaves  the  blood- 
vessels and  lymph  is  formed,  is  far  from  being  settled. 

V.  (Edema-formation. — (i)  Clinical  Varieties  of  (Edema. — 
If  the  subject  of  oedema-formation  has  derived  many  of  its  argu- 
ments from  investigations  made  on  lymph-formation,  the  converse 
is  none  the  less  true,  for,  long  before  Ludwig  and  his  pupils 
performed  experiments  with  reference  to  lymph-formation,  Eichard 
Lower  investigated  experimentally  certain  forms  of  oedema. 

Etymologically,  the  very  name  '  dropsy,'  by  which  oedema  is 
frequently  known,  is  evidence  of  its  early  clinical  recognition, 
and,  as  a  matter  of  fact,  it  was  described  by  Hippocrates  in  the 
fifth  centmy  B.C.  Clinically,  the  varieties  of  oedema  are  divided 
according  to  the  conditions  under  which  oedema  shows  itself. 
Thus  there  is  '  cardiac  '  oedema,  '  renal '  cedema,  '  inflammatory  ' 
oedema,  '  cachectic  '  oedema,  '  chlorotic  '  oedema,  and  so  on. 

(a)  The  Oedema  of  Passive  Congestion. — Frequently  those 
forms  of  oedema  in  which  the  clinical  condition  is  associated  vvdth 
increased  venous  pressure  are  included  under  the  one  name  of 
'  passive  '  oedema.  Examples  of  this  so-called  passive  oedema  or 
dropsy  are  seen  in  the  oedematous  condition  of  the  subcutaneous 
tissues,  and  the  collections  of  fluid  in  the  serous  cavities  found  in 
the  later  stages  of  cardiac  disease  (hydro-thorax,  hydro-pericardium, 
hydro-peritoneum,  or  ascites)  ;  in  the  ascites  which  occurs  when 
obstruction  to  the  flow  of  blood  in  the  portal  veins  is  introduced 
by  cirrhosis  of  the  liver ;  in  the  oedema  of  the  hand  or  finger 
occurring  as  the  result  of  venous  obstruction,  produced  by  a  tight 
surgical  bandage  or  a  tight  ring.  The  characteristic  points  about 
these  forms  of  oedema  are  that  the  oedema  fluid  exudes  from  the 
capillaries  and  the  small  veins  on  the  distal  side  of  the  cause  of 
venous  obstruction,  and  that  it  shows  itself  first  where  the  pres- 
sure is  greatest.  Thus,  in  the  case  of  cardiac  disease,  the  first 
signs  of  oedema  are  seen  about  the  ankles,  where  such  venous 
obstruction  as  is  due  to  the  central  lesion  is  aided  to  the  greatest 
extent  by  the  effect  of  gravity. 

(b)  Inflammatory  (Edema. — Inflammatory  oedema  occurs  in 
the  neighbourhood  of  a  focus  of  inflammation,  and  from  many 
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points  of  view  it  would  be  more  convenient  to  discuss  its  patho- 
logy in  the  following  chapter,  but  on  the  whole  it  seems  better  to 
discuss  It  along  with  the  exudations,  generally  In  its  distribu- 
tion It  is  localised,  and  in  this  respect  it  resembles  the  oedema  o 
passive  congestion  ;  but,  as  will  be  shown  immediately,  m  respect  • 
of  its  chemical  composition  and  of  some  of  its  properties,  it  differs 
greatly  from  the  oedema  of  passive  congestion. 

(c)  Renal  (EfZ^ma.-The  oedema  which  is  seen  m  renal  disease 
is  of  two  kinds.    One  variety  is  proper  to  renal  disease  itself  and 
is  met  with  in  acute  nephritis.    It  is  a  general,  soft  oedema  and 
iB  characterised  by  the  facts  that  its  distribution  seems  to  be 
independent  of  gravity,  and  that  it  shows  itself  first  where  the 
tissues  are  most  lax.    Thus  it  is  earliest  seen  m  the  loose  tissue 
of  the  eyelids.    There  can  be  no  doubt  that  the  dropsy  described 
by  Hippocrates  was  of  this  nature.    The  other  variety  of  rena 
Jdema  is,  strictly  speaking,  not  renal  at  all,  but  cardie- 
shows  the  characteristic  distribution  of  cardiac  oedema,  and  as  m 
the  case  of  every  oedema  that  is  associated  with  venous  obstruc- 
fon'oonsiderable  pressure  must  be  exerted  by  the  finger  betoi^ 
'  pitting '  IS  seen.    It  accompanies  not  acute  or  subacute  nephritis, 
but  chronic  renal  fibrosis.   The  rationale  of  its  causation  certain  y 
IS  that  the  hypertrophy  of  the-  left  ventricle,  which  common  y 
occurs  along  with  chronic  renal  fibrosis,  commences  to  fail 
Corstently'with  this  explanation,  it  is  found  that  this  variety  o 
CBdema  is  associated  with  other  signs  of  cardiac  failure,  such  as 
the  appearance  of  valvular  murmurs,  pulsation  of  the  veins  m  the 

''''\r^lZa^^^^  -dema  is  usually  far  less 

Jk  dTht  either  cardiac  or  renal  .dema.  It  is  often  li-^^^^ 
to  the  appearance  of  a  small  amount  of  swelhng  nr  the  ne  gh- 
bourhood  of  the  ankles.  It  may  occur  under  almost  an^^  con- 
dition  in  which  the  health  of  the  patient  is  severely  broken,  and 
is  generally  associated  with  pronounced  anaemia. 

%  GUorotic  (Edema.-CUoroi..  oedema  is  ^.^^^'f^''^^ 
leading  term.     There  is  no  doubt  that  chlorosis  is  often  asso- 

at  d  w  th  the  presence  of  small  amounts  of  edema  about  the 
Tk  es  and  the  general  doughmess  of  the  skm  and 
We  which  IS  commonly  seen  in  chlorosis,  is  probably  m  pa 
7ZtL.  of  an  edema.    But  it  is  only  —J—; 
fhp  most  common  variety  of  ansEmia,  and  not  because  oi  a  J 

pocil  pecuHanty  in  chlorosis  itself,  that  the  name  chloj-ot 
^ema  fs  iust.fiable.    For  »dema  may  be  presovt      all^fo  - 
of  anaemia,  provided  that  they  are  severe  and  of  some  standing, 
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It  is,  however,  worthy  of  mention  that  in  many  cases  of  chlorosis, 
as  shown  independently  by  A.  E.  Garrod  and  by  Dickinson,  the 
pulse  suggests  that  a  renal  element  is  present  in  the  condition. 
It  is  therefore  possible  that  in  such  cases  the  oedema  is  of  a  mixed 
antemic  and  renal  nature. 

(ii)  Composition  of  (Edema  Fluids. — The  composition  of 
dropsical  fluid,  speaking  generally,  is  the  same  as  that  of  blood- 
plasma,  excepting  that  it  is  more  dilute.  Instead  of  containing 
about  91  per  cent,  of  water,  as  does  blood-serum,  dropsical  fluids 
contain  96  per  cent,  or  more.  The  essential  difference  between 
the  two  fluids  consists  in  the  relative  amounts  of  proteid  which 
they  contain,  for  the  amount  of  salts  in  both  is  approximately 
the  same.  In  this  respect  dropsical  fluids  resemble  lymph. 
Nevertheless,  in  all  dropsical  fluids  there  is  a  far  greater  amount 
of  proteid  than  in  ordinary  lymph,  and  even  in  those  cases  where 
the  fluid  contains  the  least  amount  of  proteid,  there  is  usually 
enough  present  to  form  a  definite  precipitate,  if  not  to  convert 
the  fluid  into  a  solid  mass  on  boiling. 

The  composition  of  dropsical  fluids,  however,  varies  in  the 
different  forms  of  cedema.  Thus  the  fluid  which  exudes  in  parts 
that  are  the  subject  of  venous  congestion  is  of  a  lower  specific 
gravity  and  contains  less  proteid  than  the  fluid  which  is  poured  out 
during  an  inflammatory  process.  In  the  former  case  the  specific 
gravity  will  be  probably  under  1008,  in  the  latter  probably  above 
1018.  Moreover,  the  composition  of  dropsical  fluids  varies 
according  to  the  situations  in  which  they  are  found  when  they 
are  induced  by  one  and  the  same  general  disease.  They  may  be 
arranged  in  the  following  order  according  to  their  richness  in 
proteid  :  (1)  pleuritic  fluid  ;  (2)  peritoneal  fluid ;  (3)  cerebro-spinal 
fluid  ;  (4)  fluid  of  subcutaneous  oedema.  This  is  well  shown  in 
the  following  table  : 


Composition  of  various  Dropsical  Fluids  removed  simultaneously 
from  the  Body  of  a  Person  who  had  died  of  Albuminuria 
{G.  Schmidt). 


Fluid  from 

Pleural 
Oavity. 

Peritoneal 
Cavity. 

Subarachnoid 
Space. 

Gidouiatoiis 
Connective  Tissue  of 
E.\tremities. 

Water  in   1000  parts 
Solid  matter  „ 
^'•«anic     ,,  „ 
inorfranic  „  „ 

963-95 
36-05 
28-50 
7-55 

978-91 
21-09 
11-32 
9-77 

983-54 
16-46 

7-  98 

8-  48 

988-70 
11-30 
3-60 
7-70 

0  2 


,1 
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Dropsical  fluid  removed  at  difeerent  times  from  the  same  sac 
shows  a  remarkable  constancy  in  composition.  Hoppe-Seyler 
gives  the  following  analyses  of  the  fluid  removed  by  paracentesis 
from  the  peritoneal  cavity  in  a  case  of  cirrhosis  of  the  liver. 


First 
Paracentesis. 

Second 
Paracentesis. 

Renioveil 
after  Death.' 



Water    in     1000  parts 
Solid  matter     „  i. 
Inorganic  salts  „  u 
Albumin          »  » 

984-50 
15-50 
8-46 
6-17 

982-53 
17-47 
8-13 
7-73 

983-33 
16-67 
8-24 
6-11 

The  volume  of  fluid  which  collects  in  one  of  the  serous  cavities 
is  of  course,  to  some  degree  limited  by  the  normal  capacity  of 
that  cavity.    In  the  case  of  the  peritoneal  sac  the  amount  of  fluid 
may  vary  from  a  few  cubic  centimetres  to  several  htres  :  those- 
cases  in  which  a  large  amount  of  fluid  is  present  are  generally 
accompanied  by  severe  symptoms  due  to  the  pressure  under 
which  the  fluid  is  pent.     Not  infrequently  in  the  abdomma 
cavity  ascitic  fluid  may  exert  a  pressure  of  25-30  millimetres  of 
mercury      Subcutaneous   oedema  also  varies  considerably  m 
amount :  sometimes  it  is  barely  perceptible,  at  other  times  the 
circumference  of  the  part,  if  it  be  a  limb,  may  be  nearly  doubled, 
and  the  natural  depressions  are  completely  lost.    Pitting  on  pres- 
sure which  is  characteristic  of  subcutaneous  oedema,  is  of  course 
more  or  less  evident  according  to  the  greater  or  the  less  amount 
of  fluid  that  has  collected  in  the  subcutaneous  tissue.  When 
oedema  is  associated  with  increased  venous  pressure,  the  tension 
of  the  fluid  in  the  subcutaneous  tissues  is  greater  than  when  it  is 
associated  with  acute  renal  disease,  and  hence  in  the  former  case 
the  oedema  is  spoken  of  as  'hard,'  in  the  latter  case  as  '  soft. 

In  the  matter  of  spontaneous  coagulation,  a  broad  distinction 
may  be  drawn  between  exudations  from  the  blood-vessels.  In 
the  passive  dropsies,  where  the  endothehum  of  the  surface  is. 
normally  intact  when  the  effusion  takes  place  into  a  serous 
cavity,  and  where  the  number  of  leucocytes  present  m  the  effusion 
is  very  small,  coagulation  rarely  takes  place.  On  the  other  hand, 
inflammatory  effusions,  in  which  many  leucocytes  are  usually 
iesent,  are  far  more  likely  to  coagulate.  Nevertheless  there- 
are  many  exceptions  to  the  above  statements.  Iii  ascites,  for 
example  it  is  not  uncommon  to  find  flakes  of  fibrin  present,  and 
thP  inflammatory  fluid  obtained  from  cutaneous  blisters  rarely 

Xnla^^^^^^^  «^  '\  iTe  ^ 

coagulation,  is  diflicult.    In  some  cases,  no  doubt,  the  presence 
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absence  of  leucocytes  makes  a  difference,  but  this  is  not  so  in 
all.  It  is  by  no  means  uncommon  to  find  inflammatory  exuda- 
tions rich  in  leucocytes  which  do  not  coagulate  {e.g.  pus) ;  in 
Bome  of  these  cases  we  may,  perhaps,  assume  that  coagulation 
has  taken  place,  and  that  the  coagulum  has  been  re-dissolved. 
For  some  unknown  reason,  inflammatory  exudations  that  are 
.associated  with  the  presence  of  the  pneumococcus  show  a  marked 
tendency  to  coagulate,  and  it  is  in  great  part  on  this  account  that 
fibrinous  exudations  are  so  common  in  the  pleural  cavities. 

(iii)  The  Pathology  of  (Edema. — (a)  Older  Views  and  Exjyeri- 
mental  Evidence. — One  of  the  first  experiments  upon  the  subject 
of  oedema  was  that  of  Kichard  Lower,  who,  in  1680,  ligatured  the 
inferior  vena  cava  in  animals,  and  obtained  oedema  of  both  hind 
limbs.  From  this  experiment  he  came  to  the  conclusion  that  the 
fedema  of  the  lower  extremities  which  occurs  in  heart  disease, 
where  there  is  obstruction  to  the  flow  of  blood  in  the  inferior 
vena  cava,  depends  upon  an  increase  of  pressure  in  the  veins, 
•  which  is  transmitted  backwards  and  leads  to  the  exudation  from 
the  smaller  vessels.  Though  this  view  was  not  universally 
accepted  by  Lower's  contemporaries,  it  nevertheless  held  its  own 
for  two  centuries  without  serious  experimental  question.  It  was 
strongly  supported  by  Bouillard  in  1823,  and  amplified  by  Andral 
in  1829.  Andral  showed  that  the  obliteration  of  many  veins  is 
necessary  for  the  production  of  oedema,  since  the  free  anastomosis 
of  the  veins  readily  allows  the  passage  of  blood  to  the  heart,  after 
obliteration  of  one — even  though  that  be  the  main — trunk  of  the 
limb.  But  in  1869  Eanvier  repeated  Lower's  experiments  with- 
out success.  He  afterwards  modified  them  by  adding  to  ligature 
of  the  vena  cava,  section  of  the  sciatic  nerve  on  one  side.  On 
this  side  oedema  appeared,  while  the  limb  in  which  the  sciatic 
nerve  was  intact  remained  free.  The  first  evidence  of  oedema 
was  visible  around  the  tendo  Achillis  and  came  on  about  an  hour 
after  section  of  the  nerve.  Banvier  ascribed  the  oedema  which  he 
obtained  to  the  removal  ■  of  vascular  control  by  the  vaso-motor 
nerves,  and  regarded  the  experiments  as  evidence  that  vaso-motor 
nerves  normally  control  the  output  of  fluid  from  the  blood- 
vessels.^ Bouillard,  who  was  present  at  the  reading  of  Kanvier's 
paper  before  the  French  Academy,  regarded  this  as  another 
variety  of  oedema,  but  in  no  way  as  contradicting  the  occurrence 
•of  passive  oedema  from  obliteration  of  veins  which  he  had  '  him- 
self produced  experimentally  in  several   cases,  and  had  seen 

'  In  spite  of  many  attempts  to  connect  lymph-formation  with  nerve  action,  the 
•existence  of  lymph-secretory  nerves  has  never  been  demonstrated. 
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clinically  produced  hundreds  of  times.'  Cohnheim  regarded  the 
cardiac  or  passive  variety  of  oedema  as  '  the  result  of  two  pres- 
sures, venous  obstruction  and  arterial  pressure,  which,  acting 
against  one  another,  cause  an  outpouring  of  fluid  through  the 
walls  of  the  thinnest  vessels,  the  capillaries,  and  probably  also  the 
smallest  veins.'  Eanvier's  results,  he  considered,  did  not  show 
the  importance  of  the  vaso-motor  nerves  as  their  author  insisted, 
but  he  explained  the  cedema  by  pointing  out  that  '  the  congestion 
resulting  from  section  of  the  nerve  very  unfavourably  modifies 
the  inequality  between  inflow  and  outflow.'  As.  a  result  of  Cohn- 
heim's  criticism,  Ranvier  somewhat  altered  his  position,  and  in 
1881  he  and  Cornil  wrote :  ^  If  in  an  animal  in  which  one  has 
tied  a  vein,  the  vaso-motor  nerves  be  cut,  the  arteries  being 
dilated,  a  larger  amount  of  blood  reaches  the  part,  and  the  ten- 
sion becomes  sufficient  to  lead  to  transudation  of  serum.  This 
increased  tension  is  the  true  cause  of  dropsy :  if  this  tension  be 
sufficient  independently  of  obliteration  of  the  veins,  oedema  will 
occur.  All  kinds  of  oedema,  except,  perhaps,  the  oedema  of 
cachexia,  may  be  referred  to  the  same  cause.'  In  1889,  Wool- 
dridge  described  the  following  important  experiment.  'If  a 
solution  of  tissue-fibrinogen  (i.e.  nucleo-proteid)  obtained  from 
the  thymus  gland  be  injected  into  the  circulation  through  the 
jugular  vein,  and  the  femoral  vein  be  then  Hgatured,  the  effect  is 
most  pronounced  and  is  as  follows:  either  the  most  extensive 
and  rapidly  developing  simple  oedema  of  the  leg  occurs,  or  an 
enormous  hfemorrhage  "per  diapedesin  "  takes  place  throughout 
the  tissues  of  the  limb;  or  the  two  are  combined— there  is 
haemorrhage  and  oedema.' 

All  these  experiments  obviously  bear  upon  the  passive  variety 
of  cedema  in  particular,  and  in  most  cases  they  explain  the 
oedema  upon  mechanical  principles  in  which  filtration  plays  the 
chief  part.  And  at  the  present  day,  this  variety  of  oedema  is 
almost  universally  regarded  as  being  dependent  directly  upon 
increased  venous  and  capillary  pressure,  combined  in  most  cases 
with  deficient  removal  of  the  fluid  by  the  lymphatics.  Of  late 
years,  following  in  the  path  of  the  investigations  by  physiologists 
upon  lymph-formation,  there  has  been  a  tendency  to  call  the 
physical  process  of  osmosis  to  the  aid  of  filtration,  m  the 
explanation  of  oedema.  Moreover,  it  is  now  allowed  that  altera- 
tions of  the  vessel  wall  play  an  important  part  in  the  process.  To 
this  point  attention  will  be  directed  later.  At  the  same  tnne, 
there  has  also  arisen  a  school  of  pathologists  who  find  it  difficult 
to  explain  all  the  factors  of  oedema-formation  on  any  known 
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mechanical  or  physical  principles,  and  who  regard  oedema  as  the 
expression-  of  an  increased  exercise  by  the  endothelial  cells  of  the 
blood-vessels  of  their  specific  secretory  function,  though  that 
function  may  be  modified  by  disease. 

{b)  Modern  Vietvs,  especially  tJiose  of  Gohnlieim. — Cohnheim, 
by  his  work  on  oedema  and  on  inflammation,  has  largely  influenced 
views  on  oedema-formation.  He  taught  that  oedema  essentially 
depends  on  one  or  both  of  two  factors  :  (1)  increased  pressure,  (2) 
increased  permeability  of  the  vessel  wall.  In  the  case  of  passive 
oedema,  he  held  that  increased  pressure  is  a  suflicient  explana- 
tion of  the  observed  facts,  basing  his  view  on  the  experiments 
of  Emminghaus,  who  asserted  that  the  lymph-flow  from  the 
lymphatics  in  the  hind  hmb  of  a  dog  is  increased  by  increase  of 
venous  pressure.  Cohnheim  says  in  his  '  General  Pathology  '  that, 
'  with  increased  venous  pressure,  as  many  cubic  centimetres  of 
lymph  may  be  obtained  from  such  a  lymphatic  in  the  same  time 
as,  previous  to  the  increase  of  pressure,  there  were  obtained  drops.' 
To  this  point  we  shall  retarn. 

With  the  exception  of  the  varieties  of  passive  oedema,  accord- 
ing to  Cohnheim,  all  forms  of  oedema  depend  upon  an  increased 
permeabihty  of  the  vessel  wall.  It  was  especially  in  reference 
to  the  inflammatory  variety  that  he  elaborated  this  view,  but 
he  held  that  the  same  principle  applied  in  many  other  cases. 
In  particular,  he  included  the  so-called  cachectic  oedema  in  this 
group. 

The  older  of  cachectic  oedema  was,  that  it  depends  upon 
hypalbuminosis  or  a  deficiency  of  albumen  in  the  blood-plasma. 
It  is  certain  that  a  fluid  which  contains  a  small  quantity  of 
albumen  passes  through  a  membrane  more  readily  than  a  fluid 
which  contains  a  large  quantity  of  albumen ;  it  is  also  certain 
that  in  most  of  the  cases,  if  not  in  all,  in  which  cachectic  oedema 
occurs,  the  blood  contains  a  smaller  proportion  of  albumen  than 
normal,  i.e.  it  is  hydraemic.  It  was  therefore  held  that  cachectic 
oedema  depends  upon  hydraBmia.  Cohnheim  and  Lichtheim 
investigated  the  subject  experimentally.  They  showed  that 
hydrsemic  plethora,  produced  by  injecting  saline  solution  into 
the  circulation,  leads  to  no  visible  oedema  ;  the  only  result  is 
that  those  tissues'  whose  normal  function  it  is  to  produce  a 
watery  secretion  (kidney,  salivary  glands,  pancreas,  mucous 
membrane  of  the  gastro-intestinal  tract),  secrete  a  larger 
amount  of  a  very  watery  fluid.  If  the  amount  of  saline  solution 
injected  be  very  great  (10  per  cent,  of  the  body  weight  or  more), 
these  tissues  become  definitely  oedematous,  and,  in  addition,  a 
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certain  amount  of  fluid  is  poured  out  into  the  serous  cavities 
of  the  body,  in  particular  into  the  peritoneal  cavity.  Simple 
hydrfemia,  as  distinguished  from  hydraemic  plethora,  was  pro- 
duced by  injecting  into  the  circulation  an  amount  of  salt  solution 
equal  to  an  amount  of  blood  that  had  previously  been  abstracted 
from  the  animal,  but  under  these  conditions  not  the  slightest 
trace  of  oedema  was  found  in  any  tissue.  Moreover,  on  passing 
salt  solution  through  the  vessels  of  a  rabbit's  ear  at  the  normal 
pressure  of  the  blood,  they  found  that  no  increase  of  lymph-flow 
occurs.  They  therefore  concluded  that  hydrtemia  as  such  is  not 
the  cause  of  cachectic  oedema.  The  different  result  which 
obtains  after  the  production  of  hydraemic  plethora,  they  held, 
really  depends  upon  the  increase  of  venous  pressure,  which  is 
produced  by  the  hydraemic  plethora. 

But  Cohnheim  and  Lichtheim  found,  on  the  other  hand,  that 
if  one  paw  of  a  dog  is  inflamed,  injection  of  two  litres  of  salt 
solution  leads  to  oedema  of  that  paw  and  not  of  the  others,  and 
that  when  a  dog,  by  repeated  abstraction  of  blood  and  replacement 
of  the  blood  by  salt  solution,  has  been  kept  hydrtemic  for  days, 
ligature  of  the  femoral  vein  leads  to  the  appearance  of  oedema  in 
the  limb,  whereas  under  normal  conditions  such  is  not  the 
case.  In  both  of  these  experiments  the  vessel  walls  are  modified, 
and  in  this  fact,  according  to  Cohnheim,  lies  the  whole  explana- 
tion of  cachectic  oedema.  For  '  the  injured  vessel  wall  is  more 
permeable  than  normal,  and  when  this  is  the  case  the  normal  or 
less  than  the  normal  blood-pressure  is  sufficient  to  produce  an 
increase  of  lymph-flow,  or,  in  other  words,  to  produce  oedema.' 

Eenal  dropsy,  which  by  many  of  the  older  writers  was  rcr 
garded  as  due  to  hydraemic  plethora,  was  held  by  Cohnheim  to  be 
of  the  same  type  as  inflammatory  oedema.  In  supporting  the 
older  view,  Bartels  had  brought  forward  the  clinical  fact  that  in 
nephritis  the  amount  of  dropsy  varies  inversely  with  the  amount 
of  urine  excreted.  Besides  the  experimental  evidence  which  has 
been  given  above  on  the  subject  of  hydrsemic  plethora,  Cohnheim 
adduced  against  the  old  view  of  renal  dropsy  the  fact  that,  where 
there  is  complete  anuria  or  suppression  of  urine  from  impaction 
of  calculi  in  the  ureters  or  other  similar  cause,  there  is  an  absence 
of  the  characteristic  oedema  of  acute  nephritis.  In  such  a  case,  if 
any,  he  argued,  there  must  be  hydraemic  plethora,  and  yet  there 
is  no  dropsy. 

The  actual  occurrence  or  the  absence  of  oedema  when  an 
excessive  amount  of  fluid  is  leaving  the  blood-vessels,  depends 
upon  the  ratio  of  the  amount  of  transudate  to  the  amount  flowing 
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:away  by  the  lymphatics.  If  all  the  transuded  fluid  is  carried 
away,  it  follows  that  oedema,  as  evidenced  by  increase  in  volume 
of  the  limb  and  pitting  on  pressure,  cannot  show  itself.  Hence, 
any  cause  which  impedes  the  flow  of  lymph  through  the  lym- 
phatics can  favour  the  occurrence  of  oedema.  Cohnheim  denied 
that  obstruction  of  lymphatics — even  obstruction  of  the  thoracic 
■duct  itself — is  ever  the  primary  cause  of  oedema,  owing  to  the 
freedom  of  anastomosis  of  these  vessels.^  In  his  opinion,  what- 
ever other  conditions  might  or  might  not  assist  in  the  process,  an 
increased  output  of  fluid  by  the  blood-vessels  must  exist,  whether 
that  increased  output  depend  upon  increased  pressure  within 
normal  blood-vessels  or  upon  increased  permeability  of  the  blood- 
vessel wall,  or  upon  both  of  these  factors  in  conjunction.  He  did 
not  deny  that  a  part  might  be  played  by  the  endothelial  cells  of 
the  blood-vessels  themselves  ;  indeed,  he  frequently  insists  in  his 
'  Lectures  on  General  Pathology '  that  the  capillaries  are  living 
and  not  dead  membranes.  Thus  he  says,^  '  We  are  not  yet  -in 
a  position  to  propound  a  mechanical  theory  of  the  oedema  of 
stagnation,  and  the  aid  of  unknoion  influences  proceeding  from 
the  living  loall  must  be  called  in  for  its  interpretation ;  '  and, 
'  The  endothelium  of  a  vessel  is  ...  a  living  tisstie,  or,  if  you 
prefer  it,  organ,  with  a  metabolism  which,  though  quite  unknown 
to  us,  is  certainly  very  active.' 

Hamburger  departs  from  the  view  held  by  Cohnheim,  in  that 
he  believes  that  the  passive  oedema  of  venous  congestion  is  not 
■the  result  of  increased  pressure  in  the  small  veins  and  capillaries, 
but  is  due  to  an  increased  lymph-secretion  by  the  capillary 
■endothelium,  which  is  stimulated  to  that  increased  secretion  by 
the  waste  products  that  accumulate  in  the  blood-vessels  as  the 
Jesuit  of  venous  obstruction.  The  '  increased  permeability '  of 
Cohnheim  he  regards  as  evidence  that  the  vessels  from  injury 
have,  in  part  or  in  whole,  lost  their  character  as  a  secreting 
organ,  and  have  become  porous  like  a  filter.  He  agrees  with 
Heidenhain,  that  some  forms  of  oedema  are  due  to  definite  stimu- 
lation of  the  capillary  endothelium  by  lymphagogues,  and  he 
regards  these  substances  as  being  formed  during  disease. 

Starling,  consistently  with  his  view  of  normal  lymph-forma- 
tion, regards   oedema-formation   as   dependent   upon  physical 

'  la  this  matter  Boddaert  differs  entirely  from  Cohnheim.  The  evidence  afforded 
by  the  disease  filariasis,  in  which  the  receptaculum  chyli  is  often  blocked  by  parasites 
■and  extreme  cedema  of  the  lower  part  of  the  body  results,  also  points  in  a  contrary 
direction  to  that  indicated  by  Cohnheim. 

-  Pp.  516  and  610,  New  Syd.  Soc.  translation. 
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factors,  among  which  increased  pressure  and  increased  per- 
meabihty  of  the  vessel  wall  are  the  chief. 

(c)  The  Author's  View.  —The  author's  experimental  investiga- 
tions upon  this  subject  have  principally  been  concerned  with  the 
oedema  which  accompanies  passive  congestion.  Employing 
special  methods,  he  showed  that  an  increase  in  venous  pressure, 
of  itself,  does  not  lead  to  any  increased  output  of  fluid  from  the 
blood-vessels,  even  though  the  pressure  be  very  considerable. 
This  is  true  when  the  part  (hind  limb  of  dog)  has  been  normal 
before  increasing  the  venous  pressure  in  it.  Nevertheless  it  is 
always  possible  to  produce  oedema  after  placing  a  ligature  round 
the  limb  sufficiently  tight  to  completely  obstruct  all  flow  of  blood, 
and  maintaining  hsemostasis  for  one  hour.  After  removal  of  the 
constricting  ligature,  if  the  venous  pressure  in  the  limb  be  raised, 
and  that  to  a  much  smaller  degree  than  in  the  experiments  that 
have  previously  been  mentioned,  oedema  rapidly  comes  on,  often 
to  so  great  an  extent  as  to  be  readily  recognisable  by  pitting  on 
pressure.  By  hsemostasis  kept  up  for  one  hour,  the  relation 
between  blood,  blood-vessels,  lymphatics,  and  tissues  has  become 
altered  to  such  a  degree,  that  they  react  to  a  a  increase  of  venous 
pressure  in  a  manner  utterly  unlike  that  in  which  they  react  if 
hsemostasis  has  not  been  produced. 

(a)  Iviportance  of  the  Tissues  in  (Edema formation :  (1) 
General. — Leaving  consideration  of  the  blood-vessels  on  one  side 
for  the  moment,  it  is  plain  that  during  haemostasis  the  tissues  of 
the  limb  are  affected  in  two  ways :  (1)  they  are  deprived  of 
nutriment ;  (2)  the  waste  products  of  their  own  metabohsm  are 
not  removed.^ 

Though  we  are  ignorant  of  the  manner  in  which  the  tissue 
cells  make  known  their  requirements  to  the  blood-vessels,  there 

'  It  is  astonishing  how  in  all  discussions  concerning  lymph-  and  oedema-formation 
the  tissues  have  been  left  out  of  consideration,  when  we  remember  that  every  condi- 
tion which  affects  the  small  blood-vessels,  and  especially  the  capillaries,  must  at  the 
same  time  affect  the  tissues  also.  In  some  cases  even,  in  which  oedema  occurs, 
the  tissues  are  affected  first  and  to  the  greatest  extent.  Thus  when  blistering  fluid  is 
applied  to  the  skin  the  many  layers  of  the  epidermis  must  of  necessity  be  exposed  to  a 
greater  extent  to  the  action  of  the  blistering  fluid  than  the  cutaneous  blood-vessels  : 
it  is  only  after  the  epidermis  has  been  affected  that  these  blood-vessels  are  reached. 
It  IS  a  fault  in  the  mechanical  explanation  both  of  lymph-  and  of  oedema-formation 
that  it  places  the  tissues  absolutely  at  the  mercy  of  the  vascular  system  ;  the- amount 
of  lymph  which  the  tissues  receive,  according  to  that  explanation,  does  not  depend 
upon  the  needs  of  the  tissues  but  upon  the  condition  of  the  blood-vessels.  And  yet 
the  whole  raison  d'etre  of  the  circulatory  system  is  the  existence  of  the  tissues. 
Normal  lymph-formation  and  oedema-formation  must  be  the  ultimate  result  of  at  least 
two  processes,  one  in  which  the  tissue  cells  are  paramount,  the  other  in  which  the 
blood-vessels  themselves  are  paramount. 
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is  ample  evidence  that  they  do  so.  And  more  than  this,  they  make 
known  their  requirements  to  the  other  tissues  in  far  distant  parts 
of  the  body.    This  latter  point  will  be  left  for  the  present. 

It  is  a  physiological  law  that  ansemia  of  a  tissue  is  followed 
by  active  congestion,  and  though  the  vascular  condition  is  appa- 
rently identical  with  that  produced  by  section  of  the  vaso-motor 
nerves,  the  results  in  the  two  cases  are  widely  different.  For  in 
active  congestion  the  lymph-flow  is  increased,  in  paralytic  con- 
gestion it  is  not  increased. •  Now  the  essential  difference  between 
the  two  kinds  of  congestion,  so  far  as  the  tissues  are  concerned, 
is  that  before  active  congestion  occurs,  the  tissues  have  been 
deprived  of  food,  whereas,  before  paralytic  congestion  occurs,  they 
have  not  been  deprived  of  food.  It  will  be  seen  later  that  the 
starved  condition  of  the  tissues  and  the  increased  output  of  lymph 
must  be  directly  connected  with  one  another  as  cause  and 
effect.  Whether  the  connection  is  a  purely  physical  or  is  a  vital 
one,  it  is  as  yet  impossible  to  say. 

But  not  only  does  starvation  of  the  tissues  lead  to  an  increased 
output  of  lymph,  the  same  result  is  produced  when  the  waste 
products  of  metaboHsm  are  stored  up  in  the  tissues.  Functional 
activity,  hke  anaemia,  is  intimately  associated  with  active  con- 
gestion and  its  increased  flow  of  lymph.  In  the  case  of  a 
contracting  muscle,  it  is  known  that  exercise  of  function  is 
accompanied  by  increased  production  of  waste  products,  and 
part  of  the  increased  lymph-flow  must  be  directed  towards  their 
removal. 

We  know,  then,  that  when  the  tissues  are  starved,  or  when  the 
products  of  functional  activity  are  stored  up  in  the  tissues,  an 
arterial  congestion  (active)  occurs,  which  is  accompanied  by  an 
increased  flow  of  lymph.  One  portion  of  this  increase  flows  away 
by  the  lymphatics  and  is  recognised  by  an  increased  flow  from  the 
lymphatics  ;  another  portion,  if  special  methods  are  adopted,  can 
be  shown  to  remain  in  the  tissues. 

Now  if  a  sufficient  amount  of  this  lymph  remains  in  the 
tissues,  the  clinical  condition  of  oedema  is  produced.  It  is  easy 
to  show  that  the  increase  in  volume  of  the  limb,  which  is  one  of 
the  most  conspicuous  cHnical  signs  of  oedema,  occurs  under  per- 
fectly physiological  conditions.  Let  the  hand  and  fore-arm  be 
rendered  completely  bloodless  by  means  of  an  elastic  bandage, 

'  At  all  events,  for  some  hours.  Since  the  changes  occurring  during  oedema- 
formation,  the  subject  under  discussion,  are  recognisable  during  the  first  hour  after  the 
particular  modification  of  the  tissues  which  leads  to  cedema  has  been  produced,  the 
statement  in  the  text  is  sufficiently  near  the  truth  for  our  purpose. 
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and,  after  its  volume  in  the  bloodless  condition  has  been  taken 
with  the  plethysmograph,  let  the  circulation  again  pass  through 
the  limb,  and  let  the  whole  hand  and  fore-arm  be  placed  in  a 
horizontal  position  in  a  bath  of  water  at  40°  C.  for  half  an  hour. 
On  removing  it  from  the  bath  and  again  taking  its  volume  in  the 
bloodless  condition  with  the  plethysmograph,  it  will  be  found  to 
displace  a  quantity  of  water  not  infrequently  larger  by  40-50  c.c. 
than  it  displaced  before  it  had  been  subjected  to  the  action  of 
warm  water.  We  know  that  warmth,  locally  applied,  increases 
metabolism,  we  know  that  it  induces  arterial  dilatation,  and 
though  in  this  case  we  do  not  actually  know  that  the  output  of 
lymph  is  increased,  we  know  that  the  volume  of  the  limb  is 
increased,  and  that  the  increase  in  volume  is  not  due  to  the  pre- 
sence of  an  increased  amount  of  blood  in  the  limb  alone.  For  the 
volume  of  the  limb  was  taken  before  and  after  the  experiment  in 
the  bloodless  condition.  We  know  further  that  the  increased 
volume  of  the  limb  is  absolutely  dependent  upon  the  continuance 
of  the  circulation  through  the  limb  while  it  is  in  the  bath,  for  if 
it  be  kept  bloodless  during  the  whole  experiment,  no  change  in 
volume  takes  place.  We  are  bound  to  conclude  that  this  increase 
in  volume  of  the  limb  depends  upon  the  fact  that  the  tissues 
contain  more  fluid  than  before,  while  the  method  of  rendering 
the  limb  bloodless,  which  at  the  same  time  expresses  the  lymph 
which  is  in  the  lymph  spaces,  favours  the  probability  that  the 
excess  of  fluid  is  contained  rather  in  the  tissue  cells  themselves 
and  lymph-spaces  than  in  the  lymphatic  vessels. 

Under  normal  physiological  conditions,  therefore,  when  the 
tissues  require  nutrition,  and  when  they  are  producing  a  greater 
amount  of  metabolic  products,  they  increase  in  volume  by 
holding  a  greater  amount  of  fluid,  and  that  in  spite  of  the  fact 
that  no  primary  modification  of  the  blood-vessels  has  been  pro- 
duced. In  other  words,  when  the  tissues  require  more  lymph, 
the  blood-vessels  supply  it  through  the  medium  of  arterial  dilata- 
tion ;  but  when  the  tissues  do  not  require  more  lymph,  though 
arterial  dilatation  and  increased  capillary  pressure  may  be  present, 
the  blood-vessels  do  not  supply  it.  It  is  the  tissues  themselves 
that  determine  whether  they  shall  hold  more  lymph,  and  whether 
more  lymph  shall  be  poured  out  by  the  blood-vessels  or  no,  and 
not  the  blood-vessels. 

It  will  now  be  shown  that  under  all  circumstances  in  which 
cedema  occurs  there  is  present  starvation  of  tissues  or  storage  in 
the  tissues  of  the  metabolic  products  of  their  own  activity,  or  both 
of  these  conditions  together. 
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(2)  In  (Edema  after  Ligature  of  Arteries. — In  oedema  which 
occurs  after  hgature  of  an  artery,  starvation  of  the  tissues  is. 
manifest.  Surgery  provides  a  perfect  example  of  this  variety 
in  the  oedema  of  the  leg  and  foot  which  is  not  infrequently  seen 
after  the  femoral  artery  has  for  any  reason  been  ligatured  in 
Hunter's  canal.  Increase  of  venous  pressure  is  here  out  of  the- 
question.  A  circulation  is  going  on  through  the  limb,  otherwise 
oedema  could  not  show  itself,  but  gangrene  would  show  itself 
instead ;  and  since  the  endothelium  of  the  blood-vessels  is  in 
closer  relation  with  such  blood  as  passes  through  the  blood- 
vessels than  the  tissue  cells,  the  endothelial  cells  must  suffer  less- 
than  the  tissue  cells  from  lack  of  nutrition.  The  great  starva- 
tion of  the  tissues  of  the  limb  in  this  case  cannot  be  fully 
relieved  until  the  blood-supply  again  returns  to  normal  by  the- 
full  establishment  of  collateral  circulation ;  hence  until  that 
collateral  circulation  has  been  fully  established,  the  tissues  are- 
perpetually  calling  for  more  nutriment,  the  blood-vessels  are 
endeavouring  to  supply  that  demand  but  cannot  meet  it.  They 
pour  out  lymph  to  their  utmost  and  a  part  remains  in  the  tissues 
to  constitute  the  oedema  fluid.  As  the  collateral  circulation 
becomes  established  and  the  blood-supply  of  the  limb  becomes 
greater,  the  amount  of  nutriment  that  can  be  supplied  to  the- 
tissues  by  the  blood-vessels  is  increased,  the  starvation  of  the 
tissues  is  satisfied,  their  demand  for  Jymph  ceases,  an  excessive 
amount  of  lymph  is  no  longer  poured  out  by  the  blood-vessels, 
such  excess  of  lymph  as  was  held  by  the  tissues  during  their 
period  of  starvation  drains  away  by  the  lymphatics,  the 
oedema  disappears.  The  oedema  sets  in  when  starvation  of  the 
tissues  sets  in ;  it  disappears  when  starvation  of  the  tissues  dis- 
appears. 

(3)  In  Cachectic  (Edema. — Starvation  of  the  tissues  also  plays 
a  very  prominent  part  in  cases  of  cachectic  dropsy.  To  take 
three  typical  examples.  Qildema  of  the  ankles  often  occurs  at 
the  latter  end  of  the  three  conditions,  pulmonary  tuberculosis, 
malignant  disease,  malaria.  In  each  of  these  diseases  the  tissues 
in  the  neighbourhood  of  the  ankles  receive  a  deficient  supply  of 
nutriment.  In  pulmonary  tuberculosis  the  heart  is  small  and 
ill  nourished ;  in  malignant  disease  a  large  quantity  of  blood  is 
diverted  from  the  body  generally  for  the  supply  of  a  tissue 
which  is  physiologically  outside  the  body ;  in  malaria  there  is  a 
great  destruction  of  red  blood-corpuscles,  and  the  constitution  of 
the  blood  as  a  whole  is  altered.  It  is  unnecessary  to  pursue 
these  examples  further. 
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(4)  In  Chlorotic  (Edema. — Chlorotic  oedema  is  associated  with 
an  altered  condition  of  the  blood  both  as  concerns  the  red 
blood-corpuscles  and  as  concerns  the  blood-plasma.  That  the 
nutrition  of  the  tissues  in  chlorosis  is  modified  is  amply  shown 
by  the  inefficient  way  in  which  they  discharge  their  functions, 
As  has  already  been  said,  in  some  cases  of  chlorosis  a  renal 
element  is  probably  present.  It  is  also  possible  that  the  con- 
dition may  in  part  be  due  to  the  action  of  toxic  substances 
absorbed  from  the  intestine,  as  was  suggested  by  Sir  Andrew  Clark. 

(5)  In  Inflamonatory  Oedema. — That  inflammatory  oedema  is 
associated  with  need  of  the  tissues  for  increased  nutrition  is 
shown  by  two  facts.  In  the  first  place,  referring  to  the  experi- 
ment in  which  the  hand  and  arm  are  placed  in  water  at  40°  C,  it 
is  only  necessary  to  increase  the  temperature  of  the  water,  say, 
to  45°  C.  and  inflammation  is  produced.  The  same  changes  occur 
in  the  limb  as  occur  when  the  temperature  of  the  water  is  40°  C. 
when  inflammation  is  not  produced.  There  is  arterial  dilatation 
in  both  cases,  the  temperature  of  the  limb  is  increased  in  both 
cases,  the  volume  of  the  limb  is  increased  in  both  cases,  the 
tissues  contain  a  greater  amount  of  lymph  in  both  cases.  The 
only  difference  that  obtains  is  that  the  changes  are  more  marked 
in  the  case  in  which  the  bath  was  at  the  higher  temperature.  It 
is  this  variety  of  oedema  that  was  regarded  by  Cohnheim  as 
essentially  dependent  upon  an  alteration  of  the  vessel  wall.  But. 
if  alteration  there  be,  it  is  produced,  though  to  a  less  extent,  under 
physiological  conditions,  and  since  we  were  obliged  to  connect  the 
physiological  increased  output  of  lymph  and  the  physiological 
increase  in  volume  of  the  tissues  with  increased  demand  of  the 
tissues  for  nutrition,  we  are  also  obliged  to  conclude,  in  the  case 
of  inflammatory  oedema,  that  it,  too,  depends  upon  the  increased 
demand  of  the  tissues  for  nutrition.  We  cannot  draw  a  line 
between  the  two  processes  and  say,  this  is  physiological  and 
depends  upon  one  set  of  causes,  that  is  pathological  and  depends 
upon  another  set  of  causes. 

In  the  second  place,  inflammatory  oedema  can  be  produced 
when  the  nutrition  of  the  tissues  is  lowered  by  the  action  of  an 
irritant  which  does  not  primarily  involve  the  blood-vessels.  Thas, 
if  under  perfectly  aseptic  conditions  a  small  lesion  be  made  in  the 
centre  of  the  cornea  with  a  knife,  the  action  of  the  irritant  is 
momentary,  and  the  inflammatory  vascular  changes  accompanied 
by  exudation  of  lymph  which  subsequently  occur  are  not  due  to 
the  direct  action  of  the  irritant,  but  are  due  to  the  nutritive 
changes  in  the  avascular  corneal  tissue  which  that  irritant  has 
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produced.  The  needs  of  the  tissues,  therefore,  play  an  important 
part  in  the  causation  of  inflammatory  oedema. 

(6)  In  tJie  (Edema  of  Passive  Congestion. — In  the  oedema 
which  accompanies  venous  congestion,  starvation  is  no  less 
present  than  it  is  in  other  varieties  of  oedema,  though  it  is 
less  obvious.  It  is  clear,  however,  that  the  diminished  velocity 
of  the  blood-flow  which  is  occasioned  by  obstruction  to  the 
venous  output,  is  productive  of  an  insufficient  nutrition  of  the 
part.  But  in  this  form  of  oedema  we  have  also  to  deal  with  the 
non-removal  of  waste  products  from  the  tissues.  The  effect  of 
storage  of  these  waste  products  upon  the  output  of  lymph  is  more 
potent  than  simple  anaemia.  This  is  what  might  have  been 
expected,  for  starvation  alone  is  a  less  serious  condition  than 
starvation  combined  with  poisoning  of  the  tissues.  In  accord- 
ance with  this  expectation  it  is  found  that  some  of  the  most 
marked  clinical  examples  of  oedema  are  those  in  which  the  two 
factors  co-exist. 

It  might  be  urged  that  in  starvation  produced  by  simple 
anaemia,  the  tissues  also  form  katabolic  products,  ,and  no  doubt 
this  is  true ;  but  whereas  in  complete  anaemia  (to  take  an 
example)  the  tissues  form  katabolic  products  as  the  result  of 
their  vitality  alone,  in  venous  congestion  they  commonly  form 
katabolic  products  as  the  result  not  only  of  their  vitality  but 
also  of  their  functional  activity.  When  the  femoral  artery  is 
ligatured  in  Hunter's  canal,  functional  activity  of  the  lower  limb 
is  abolished  by  the  very  nature  of  the  case  ;  but  when  the  venous 
pressure  is  increased  in  a  case  of  heart  disease,  the  patient  com- 
monly walks  about  for  some  time  after  the  amount  of  oedema  has 
been  as  great  as  ever  it  is  in  a  case  of  ligature  of  the  femoral 
artery.  Moreover,  in  the  case  of  ligature  of  the  artery,  no  inter- 
ference is  placed  in  the  way  of  the  removal  of  waste  products  by 
the  lymphatics  ;  but  in  the  case  of  cardiac  disease,  even  if  we 
leave  all  consideration  of  the  effects  of  gravity  on  one  side,  an 
obstacle  is  still  placed  in  the  way  of  lymphatic  flow  by  the 
increase  of  venous  pressure  which  obtains  at  the  orifice  of  the 
thoracic  duct.  No  doubt  even  in  the  examples  given,  these  are 
not  all  the  factors  in  determining  the  different  amounts  of  oedema, 
but  it  can  be  shown  that  half  an  hour's  simple  anaemia,  combined 
with  storage  in  situ  of  the  waste  products  of  tissue-metabolism, 
leads  to  a  greater  output  of  lymph  than  three  hours'  anaemia 
without  the  storage  in  situ  of  such  waste  products,  and  this  seems 
conclusive  evidence  of  the  important  part  played  by  katabolic 
products  in  determining  the  amount  of  oedema. 
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An  apparent  difficulty  arises  in  this  connection  in  the  fact, 
that  starvation  of  a  tissue  and  storage  in  situ  of  tissue  waste 
products  are  normally  accompanied  by  active  congestion,  during 
which  the  arteries  are  dilated  and  the  limb  becomes  flushed  and 
warmer  to  the  touch,  whereas  in  passive  congestion  the  limb  is- 
bluish  in  colour  and  not  red,  and  is  cooler  to  the  touch,  not  hotter. 
But  the  difficulty  is  apparent  and  not  real,  for  though  active 
dilatation  of  blood-vessels  normally  means  a  more  rapid  flow  of 
blood  through  the  limb,  this  is  not  a  necessary  concomitant  of  the 
condition.  If  the  sciatic  nerve  be  divided,  the  arteries  are  dilated, 
the  limb  is  reddened,  the  temperature  is  increased,  and  the 
circulation  through  the  limb  is  more  rapid  than  normal ;  but  i£ 
the  flow  of  blood  through  the  veins  be  obstructed,  the  velocity  of 
the  blood-flow  through  the  capillaries  is  diminished,  the  oxyhaemo- 
globin  of  the  blood  becomes  reduced  to  a  greater  extent  than 
normal,  and  the  limb  takes  on  a  bluish  hue,  while  at  the  same- 
time  a  greater  amount  of  heat  is  lost  from  each  volume  of  blood 
in  the  limb  by  radiation  and  evaporation,  and  the  limb  becomes 
cooler  than  normal.  And  yet  the  paralytic  arterial  dilatation  is- 
in  existence  just  the  same.  So  also  in  the  osdema  of  passive  con- 
gestion, though  we  cannot  recognise  active  dilatation  of  the- 
arteries  by  redness  and  increased  warmth  of  the  limb  because  of 
the  venous  obstruction  that  is  present,  we  may  confidently 
assume  that  such  an  active  dilatation  really  exists.  For  we  know- 
by  experiment  that  it  sets  in  after  a  perfectly  normal  manner 
when  severe  anaemia  or  storage  of  waste  products  in  the  limb  has 
been  produced,  and  that  when  it  is  in  full  existence  increasing  the 
venous  pressure  in  the  limb,  while  intensifying  other  processes, 
also  causes  the  raised  temperature  of  the  limb  to  be  replaced  by  a. 
lower  temperature,  the  reddish  hue  by  a  bluish  hue. 

(7)  In  (Edema  accomjmjiying  Benal  Disease. — Kenal  dropsy 
is  of  three  kinds,  corresponding  to  the  acute  tubal,  the  chronic 
fibrotic,  and  the  lardaceous  varieties  of  renal  disease.  The  oedema 
which  accompanies  each  of  these  varieties  is  not  of  one  and  the 
same  kind,  though  the  fundamental  principles  underlying  the 
difl'erent  forms  of  renal  oedema  are  identical  with  those  which 
we  have  already  considered.  In  dropsy  accompanying  acute 
nephritis  starvation  of  the  tissues  is  far  less  marked  than  their 
poisoning  by  the  waste  products  of  tissue-metaboHsm.  For  the  con- 
dition of  the  kidney  is  such  that  there  is  serious  interference  with 
the  removal  of  waste  products  by  that  organ.  Moreover  a  certain 
amount  of  evidence  obtains  which  points  to  the  conclusion  that 
acute  nephritis  is  produced  by  toxic  action.    The  inverse  ratio 
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rvvhich  holds  between  the  amounts  of  dropsy  and  of  urine  secretion 
in  cases  of  acute  nephritis,  is  well  in  accordance  with  this  view. 
Besides  the  storage  of  waste  products  in  the  tissues,  there 
probably  also  assists  in  the  production  of  renal  dropsy  the 
.process  which  will  be  seen  when  discussing  transfusion  to 
occur  when  the  volume  of  the  blood  is  increased.  Since  the 
renal  condition  is  such  that  the  excretion  of  water  is  impeded, 
it  is  highly  probable  that  in  acute  renal  disease  there  is  a  certain 
amount  of  hydrsemic  plethora ;  if  this  be  so,  the  share  which  the 
•tissues  normally  take  in  preserving  the  volume  of  the  blood  at  a 
constant  level,  must  tend  towards  an  increase  of  the  dropsy. 

The  dropsy  of  acute  nephritis  is  commonly  greater  than  that 
which  accompanies  any  other  condition,  and  it  makes  its  appear- 
ance in  a  remarkably  short  time.  Not  infrequently  oedema  is 
xecognisable  within  twenty-four  hours  of  the  onset  of  the  nephritis. 
The  explanation  of  these  facts  is  probably  as  follows.  The  renal 
•condition  is  such  that  the  removal  of  the  waste  products  of 
tissue-metabolism  by  that  organ  is  in  whole  or  in  part  abolished. 
Waste  products,  therefore,  accumulate  in  the  blood,  and  when  a 
tissue,  by  making  a  demand  upon  the  blood,  leads  to  an  active 
congestion  and  to  an  increased  output  of  lymph,  that  lymph  pre- 
sumably contains  a  greater  proportion  than  normal  of  those  very 
waste  products  of  which  the  tissue  is  endeavouring  to  divest  it- 
■self.  In  this  way  a  vicious  circle  is  established,  and  the  oedema 
must  continue  to  increase  until  the  renal  secretion  is  re- 
established. But  this  result  follows  not  so  much  because  the 
•kidney  fails  to  excrete  water,  and  on  that  account  leads  to  a 
hydrsemic  plethora,  as  was  supposed  by  Bartels,  as  because  the 
kidney  fails  to  excrete  metabolic  waste  products  and  therefore  leads 
to  a  storage  of  those  waste  products  in  the  blood  and  tissues. 

As  in  every  attempt  to  explain  renal  dropsy  so  here,  the  fact 
that  obstructive  suppression  of  urine  is  only  in  the  rarest  cases 
accompanied  by  dropsy  presents  a  difficulty.  The  great  difference 
between  anuria  due  to  obstruction  of  both  ureters,  and  anuria  due 
to  acute  nephritis,  lies  in  the  fact  that  under  the  former  condition 
■any  modification  of  the  blood  which  may  be  due  to  passage  of  the 
blood  through  the  kidney  is  not  necessarily  prevented,  whereas  the 
converse  must  be  largely  the  case  in  acute  nephritis.  It  is  not 
^idvisable  here  to  forestall  the  remarks  that  will  be  made  when  we 
deal  with  these  questions,  but  it  may  be  pointed  out  that  the 
symptoms  accompanying  the  two  forms  of  anuria  are  totally  dis- 
similar. It  is  at  least  possible  that  the  absence  of  dropsy  in 
•obstructive  anuria  may  depend  upon  the  fact  that  the  waste 
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products  of  tissue-metabolism  (which  are  not  normally  excreted 
as  such  in  the  urine)  undergo  their  normal  conversion  into  urea. 
One  thing  is  certain,  urea  and  even,  urine  may  be  injected  in 
large  quantities  into  the  circulation  of  an  animal  whose  renal 
arteries  are  ligatured  without  producing  the  symptoms  of  acute 
nephritis,  and  in  particular  without  producing  dropsy. 

The  dropsy  which  accompanies  chronic  renal  fibrosis,  it  has 
already  been  said,  is  very  largely  of  a  cardiac  and  not  of  a  strictly 
renal  type.  Nevertheless  the  subjects  of  chronic  renal  fibrosis  also 
become  affected  with  an  oedema  which  is  strictly  renal.  This  may 
depend  upon  the  superposition  of  an  acute  upon  the  chronic  change, 
and  in  those  cases  the  oedema  may  be  as  marked  as  in  a  case 
of  primary  acute  nephritis.  But  patients  with  chronic  renal 
disease  upon  which  no  acute  change  has  been  superadded,  and  in 
whom  there  is  no  cardiac  failure,  nevertheless  show  an  oedema. 
In  these  cases  it  is  never  considerable,  and,  as  a  rule,  is  confined 
to  the  existence  of  a  '  puffiness '  of  the  loose  connective  tissue 
about  the  eyes.  The  explanation  of  this  oedema  is  not  easy,  for 
at  the  time  at  which  it  is  present  the  excretion  of  urine  is 
commonly  increased  considerably  and  not  diminished.  However, 
the  excretion  of  urea  is  diminished,  and  there  is  reason  to 
believe  that  in  these  cases  the  amount  of  nitrogenous  waste  pro- 
duct in  the  blood  is  increased  ;  it  is  perhaps  to  this  fact  that  the 
oedema  must  be  ascribed.  The  subjects  of  chronic  renal  disease, 
moreover,  are  commonly  pale  and  anaemic,  and  it  is  possible  that 
chronic  starvation  of  the  tissues  also  plays  a  part  in  the  process. 

The  dropsy  which  accompanies  lardaceous  disease  of  the 
kidney  has  always  been  a  subject  of  much  uncertainty  on  account 
of  the  marked  differences  which  occur,  especially  in  the  cardio- 
vascalar  system,  between  this  and  other  varieties  of  kidney  disease 
which  lead  to  oedema.  Judging  from  the  fact  that  the  lardaceous 
material,  as  we  shall  see,  is  deposited  in  the  coats  of  the  blood- 
vessels, and  that  it  causes  a  diminution  in  their  calibre,  it  seems 
probable  that  the  dropsy  in  lardaceous  disease  depends  upon  direct 
ansemia  of  the  tissues,  particularly  as  •  no  compensation  for  the 
vascular  change  is  made  by  hypertrophy  of  the  left  ventticle.  To 
this  it  must  be  added  that  the  chief  causes  of  lardaceous  change, 
namely,  prolonged  suppuration  and  syphiHs,  are  eminently  calcu- 
lated to  induce  a  cachectic  condition,  and  therefore  to  bring  the 
tissues  into  a  devitaHsed  or  starved  condition. 

The  lardaceous  change  is  a  general  one  and  is  not  confined  to 
the  kidneys,  though  the  kidneys  are  usually  involved.  We  have 
therefore  to  distinguish  between  an  oedema  due  to  the  lardaceous 
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change  proper  (and  this  is  almost  certainly  dependent  upon  simple 
starvation  of  the  tissues),  and  an  oedema  due  to  lardaceous  change 
in  the  kidney,  which,  it  is  probable,  depends  to  a  very  large  extent 
upon  storage  of  waste  products  in  the  tissues  ;  for  the  lardaceous 
kidney  is  very  frequently,  if  not  generally,  the  subject  also  of 
acute  or  sub-acute  tubal  nephritis.  The  oedema  of  lardaceous 
disease,  even  when  the  kidney  is  also  the  seat  of  acute  renal 
changes,  is  commonly  not  great.  The  reason  of  this  probably  lies 
in  the  fact  that  most  patients  with  lardaceous  disease  lose  large 
quantities  of  water,  owing  to  the  severe  diarrhoea  and  vomiting 
which  arise  from  lardaceous  changes  in  the  blood-vessels  of  the 
gastro-intestinal  mucous  membrane. 

(8)  In  (Edema  of  the  Lungs. — QEdema  of  the  lungs,  apart  from 
that  variety  which  is  associated  with  inflammatory  conditions  and 
which  is  seen  in  an  extreme  form  in  the  coagulated  exudation  that 
fills  the  air-vesicles  in  acute  lobar  pneumonia,  is  associated  prin- 
cipally with  cardiac  disease  and  with  acute  renal  disease.  Cohn- 
heim  insisted  that  pulmonary  oedema  is  stagnative,  and  depends 
upon  failm'e  to  contract  of  the  left  ventricle  while  contraction  of 
the  right  ventricle  is  still  going  on.  Such  a  condition  is  brought 
about  if  the  ascending  aorta  be  ligatured  in  the  rabbit.  In  the 
case  of  oedema  of  the  lungs  which  is  so  frequently  found  after 
death,  he  believed  that  the  failure  of  the  left  ventricle  to  contract 
is  absolute,  and  that  '  a  man  does  not  die  because  he  gets  oedema 
of  the  lung,  but  he  gets  oedema  of  the  lung  because  he  is  on  the 
point  of  dying.' ^  But  where  the  pulmonary  oedema  supervenes 
some  time  before  death,  and  where  it  supervenes  but  later  dis- 
appears, it  is  obvious  that  the  failure  to  contract  can  only  be 
relative.  Yirchow  taught  that  the  oedema  depends  upon  arterial 
congestion  and  venous  stagnation,  but  Cohnheim  pointed  out  that 
an  arterial  pressure  so  great  as  that  produced  by  shutting  out 
from  the  circulation  three-quarters  of  the  total  sectional  area  of 
the  pulmonary  arteries,  is  not  sufficient  to  produce  oedema  in  the 
part  of  the  lung  supplied  by  the  remaining  vessels ;  and  also  that 
'  every  stenosis  of  the  left  auriculo-ventricular  opening  most 
plainly  shows  that  the  mere  impeding  of  the  venous  efflux  from 
the  lungs  is  far  from  being  sufficient  in  itself  to  give  rise  to 
transudation  and  oedema.'^ 

The  subject  was  discussed  at  the  International  Congress  of 
Medicine  in  Paris  in  1900,  and  considerable  divergency  of  views 
showed  itself.  Von  Basch  held  tbat  the  condition  essentially 
depends  upon  (1)  an  arrest  of  circulation  in  the  pulmonary 
'  P.  528,  Engl,  trans.  «  P.  523,  Engl,  trans. 
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capillaries  owing  to  elevation  of  blood  pressure  in  the  left  auricle, 
and  (2)  an  unimpeded  afflux  of  blood  coming  from  the  right  heart 
by  the  pulmonary  artery.  Masius  entirely  rejected  the  purely 
mechanical  view.  He  considered  that  the  condition  might  be  (a) 
inflammatory,  {h)  stasic,  or  (c)  toxic,  which  is  only  known  in  the 
laboratory.  He  regarded  deterioration  of  the  capillary  walls  as 
tlie  fundamental  factor,  but  agreed  that  increased  pulmonary 
pressure  dependent  upon  a  normal  or  increased  activity  of  the 
right  ventricle,  together  with  an  impaired  activity  of  the  left 
ventricle,  is  a  potent  adjuvant.  Nevertheless  he  believed  that  the 
suddenness  with  which  oedema  of  the  lung  often  sets  in  was  an 
indication  that  nervous  causes  {e.g.  irritation  of  the  cardio-pul- 
monary  plexus)  sometimes  assist.  It  must  be  added  that  on  the 
view  of  Heidenhain  and  Hamburger  the  condition  depends  upon 
an  exaggeration  of  the  secretory  function  of  the  endothelial  cells 
of  the  capillary  wall,  and  that  on  Starling's  view  it  depends  upon 
modifications  of  the  osmotic  relations  between  the  fluids  situated 
on  either  side  of  the  vessel  wall,  and  upon  variations  in  the  per- 
meability of  this  membrane. 

The  subject  is  so  fraught  with  difficulties  from  an  experimental 
point  of  view  that  an  explanation  of  pulmonary  oedema  is  under 
any  circumstances  not  easy.  But  in  the  case  of  cardiac  disease, 
at  all  events,  the  facts  that  oedema  of  the  lungs  is  as  much  a  sign 
of  failure  of  the  right  ventricle  as  is  oedema  of  the  ankles,  and 
that  in  renal  disease,  whether  acute  or  chronic,  the  presence  of  a 
small  amount  of  oedema  at  the  base  of  the  right  lung  often  is  one 
of  the  earhest  signs  of  a  large  accession  of  dropsy  throughout  the 
body  generally,  render  it  probable  that  pulmonary  oedema  is 
essentially  dependent  upon  the  same  processes  as  oedema  elsewhere. 
Whether,  in  view  of  the  fact  that  the  pulmonary  tissue  itself  is 
supplied  by  branches  of  the  bronchial  arteries  which  are  systemic, 
it  is  justifiable  to  assume  that  the  exudation  in  all  cases  comes 
from  pulmonary  vessels,  is  however  a  question.  It  is  not  impos- 
sible that  pulmonary  oedema  may  be  primarily  dependent  upon 
changes  in  the  systemic  capillaries  of  the  lung.  * 

(/3)  Importance  of  Blood-vessels  in  (Edema-formation. — But 
though  the  importance  of  the  tissues  in  determining  the  occur- 
rence of  oedema  must  be  insisted  on,  it  must  not  be  supposed  that 
the  blood-vessels  play  no  part  whatever.  On  the  contrary,  it  has 
already  been  pointed  out  that  in  lymph-  and  in  oedema-formation 
there  must  be  one  phase  of  each  process  in  which  the  blood- 
vessels are  paramount.  Whether  the  changes  initiated  by  the 
blood-vessels  are  physical  or  vital  is  an  open  question,  which  after 
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the  recent  discussion  we  may  leave  on  one  side,  but  there  is  no 
doubt  that  the  blood-vessel  walls  are  altered  in  oedema-formation. 

These  changes  are  chiefly  represented  by  alterations  of  function. 
In  the  absence  of  active  congestion  increase  of  venous  pressure 
for  one  hour  does  not  lead  to  an  increased  output  of  lymph,  but 
when  active  congestion  is  present  and  oedema  is  making  its 
appearance,  the  output  of  lymph  increases  as  the  venous 
pressure  is  raised,  returns  to  normal  as  the  venous  pressure  is 
allowed  to  return  to  normal.  In  other  words,  when  oedema  is 
coming  on,  the  blood-vessel  walls  react  to  increase  of  venous 
pressure  like  simple  physical  membranes. 

Apart  from  this  change  the  blood-vessels  must  be  altered  in 
another  way.  In  the  vast  majority  of  cases,  the  factors  that 
determine  starvation  and  storage  of  waste  products  in  the  tissues, 
must  also  determine  starvation  and  storage  of  waste  products  in 
the  cells  composing  the  blood-vessel  walls  themselves.  In  the 
case  of  inflammatory  oedema,  for  example,  it  is  only  in  special 
cases  that  the  irritant  fails  to  act  on  the  blood-vessels  of  the  part 
at  the  same  moment  that  it  acts  upon  the  tissue  cells.  And  just 
as  it  is  unreasonable  to  suppose  that  starved  and  poisoned  tissue 
cells  can  discharge  their  function  normally,  so  it  is  impossible  to 
imagine  that  a  membrane  of  starved  and  poisoned  endothelial 
cells  can  discharge  its  function  normally  whether  we  regard  it  as 
a  filter  or  as  a  secreting  organ.  The  function  of  that  membrane 
must  be  altered,  and  with  it  the  composition  of  the  fluid  that  has 
passed  through  the  membrane  must  be  altered  also.  From  the 
very  nature  of  the  case  it  is  essential  that  oedema  fluid  should 
differ  from  normal  lymph,  and  that  specimens  of  oedema  fluid 
should  vary  according  to  the  degree  in  which  the  function  of  the 
blood-vessel  wall  is  modified. 

Histological  evidence  of  change  in  the  capillaries  and  small 
veins  during  the  onset  of  oedema  is  very  meagre,  and  in  most 
cases  is  entirely  wanting.  Even  when  the  oedema  is  extreme,  as, 
for  example,  in  the  case  of  frogs  that  have  been  curarised  and 
allowed  to  remain  in  a  damp  atmosphere,  no  vascular  change  can 
be  recognised  either  by  attempts  at  staining  during  the  life  or 
after  the  death  of  the  animal.  Arnold,  in  inflammatory  oedema, 
has  described  the  cement  substance  between  the  endothelial  cells 
composing  the  capillary  wall  as  being  altered.  In  normal  speci- 
mens stained  with  nitrate  of  silver  the  cement  substance  is  repre  - 
sented by  a  number  of  very  narrow  lines  of  a  fairly  constant 
thickness,  but  when  the  vessel  is  inflamed  Arnold  describes  these 
lines   as  presenting   a  beaded   appearance,  and   the  so-called 


214  THE  PATHOLOGY  OF  THE  BLOOD 


'  stomata '  as  being  more  evident.  Excepting  the  alteration  in 
quantity  and  quality  of  the  lymph  which  accompanies  inflamma- 
tion, this  is  the  only  evidence  which  we  possess  that  the  constitu- 
tion of  the  blood-vessel  walls  is  changed  when  oedema  occurs. 
But  the  meaning  of  this  capillary  change,  even  if  it  be  a  real  and 
not  an  artificial  one,  is  of  course  quite  uncertain.  Engelmann 
goes  so  far  as  to  assert  the  possibility  that  the  so-called  '  stomata ' 
in  blood-vessels  are  themselves  artificial  productions.  . 

(7)  Explanation  of  the  Distrihation  of  (Edema. — It  has  already 
been  said  that  the  distributions  of  cardiac  and  of  renal  dropsy  are 
different,  cardiac  oedema  showing  itself  first  and  principally  in 
those  situations  where  the  action  of  gravity  is  greatest,  as  at  the 
ankles,  renal  oedema  in  situations  such  as  the  face,  where  the 
action  of  gravity  is  apparently  set  aside.  The  explanation  of 
these  differences  in  distribution  must  now  be  examined  a  little 
more  closely. 

(1)  Cardiac  (Edema. — The  characteristic  distribution  of  cardiac 
dropsy  is  usually  regarded  as  strong  evidence  of  the  mechanical 
causation  of  passive  oedema,  for  it  is  obvious  that  when  venous 
pressure  is  increased  generally  by  the  condition  of  the  heart,  the 
effects  of  that  pressure  must  be  increased  by  gravity  to  a  greater 
extent  in  the  capillaries  of  the  foot  than  elsewhere  in  the  body. 
Of  the  bare  fact  that  cardiac  oedema  shows  itself  first  in  the 
neighbourhood  of  the  ankles  there  is  of  course  no  doubt,  and  it 
will  immediately  be  seen  that  this  distribution  of  the  dropsy  is 
rightly  held  as  being  dependent  upon  gravity.  But'  since  we 
have  rejected  the  view  that  the  oedema  of  venous  congestion 
depends  upon  increase  of  venous  pressure  pe?'  se,  it  is  necessary  to 
show  how  it  is  possible  to  explain  the  characteristic  distribution 
of  the  dropsy,  on  the  assumption  that  the  oedema  is  primarily 
caused  by  an  endeavour  of  the  blood-vessels  to  supply  the  needs 
of  the  tissues  and  to  provide  a  means  for  the  washing  away  of 
the  products  of  tissue-metabolism. 

CEdema  does  not  show  itself  in  cases  of  caffdiac  disease  until 
general  cardiac  failure  sets  in.  So  long  as  compensation  is  fully 
maintained,  oedema  and  the  other  symptoms  of  heart  failure  re- 
main in  abeyance.  With  the  onset  of  general  cardiac  faihu-e  the 
pressure  in  the  systemic  veins  is  indeed  increased,  but  the  force 
and  efficiency  of  the  left  ventricle  are  diminished  also.  Therefore 
in  general  cardiac  failure  all  parts  of  the  body  must  suffer — not 
necessarily  to  an  equal  degree  but  necessarily  to  some  degree — 
from  starvation  of  the  tissues  due  to  changes  on  the  arterial  side. 
In  addition,  the  increase  of  venous  pressure  retards  the  flow  of 


DISTEIBUTION  OP  OEDEMA 


215 


blood  through  the  tissues,  and  hence  the  changes  on  the  venous 
side  add  to  the  starvation  of  the  tissues,  while  at  the  same  time 
they  impede  the  removal  of  waste  products  from  them.  Under 
these  circumstances  one  would  expect  that  the  oedema  should 
show  itself  all  over  the  body,  in  the  hand,  for  example,  as  well  as 
in  the  foot.  But  it  must  be  remembered  that  experiment  has 
shown  that  when  oedema  is  coming  on,  the  output  of  lymph  from 
the  blood-vessels  varies  directly  with  the  venous  pressure  {i.e. 
with  the  capillary  pressure).  Now  the  capillary  pressure  is 
normally  greater  in  the  foot  than  in  the  hand,  principally  owing 
to  the  fact  that  the  lower  hmbs,  and  especially  the  legs  and  feet, 
are  commonly  in  the  dependent  position,  while  the  fore-arms  and 
the  hands  are  more  commonly  horizontal  or  even  somewhat 
elevated.  So  that  even  if  starvation  of  the  tissues  and  the 
storage  of  waste  products  in  the  hand  were  as  great  as  they  are 
in  the  foot,  which  again,  owing  to  gravity,  they  are  not,  it  would 
be  essential  that  the  oedema  should  show  itself  first  in  the  foot. 
When,  therefore,  the  conditions  are  such  that  oedema  is  coming 
on,  gravity  determines  that  the  greatest  output  of  lymph  shall 
take  place  in  the  foot,  and  since  gravity  also  offers  a  greater 
opposition  to  the  removal  of  the  lymph  from  the  foot  than  from 
the  hand  by  way  of  the  lymphatics,  a  collection  of  fluid  sufficiently 
great  to  be  recognised  macroscopically  takes  place  in  the  foot  at  a 
time  when  it  is  abseni  or  cannot  be  recognised  in  the  hand. 
Though  mechanical  factors  do  not  per  se  determine  the  changes 
which  lead  to  the  onset  of  oedema  in  cardiac  disease,  they  take  a 
large  share  in  determining  the  distribution  of  the  oedema  when 
those  changes  have  been  brought  about,  as  well  as  in  determining 
the  times  at  which  those  changes  shall  occur  in  different  regions. 

(2)  Benal  (Edema. — In  the  dropsy  of  acute  renal  disease  the 
metabolic  products  of  the  tissues  are  circulating  in  the  blood, 
and  for  this  reason  all  parts  of  the  body  must  suffer.  In  this 
respect  there  is  similarity  between  renal  and  cardiac  causes  of 
dropsy,  but  here  the  similarity  stops,  for  in  uncomplicated  renal 
disease,  cardiac  failure  and  all  its  consequences  are  absent,  and 
the  left  ventricle  readily  overcomes  the  effects  of  gravity.  For 
this  reason  the  oedema  does  not  first  show  itself  in  the  lower 
extremities,  but  in  those  parts  of  the  body  where  the  tissue  is 
loosest,  where  the  output  of  lymph  is  least  impeded,  and  where 
the  presence  of  an  increased  output  of  fluid  is  most  easily 
recognised.  Of  all  situations  the  eyelids  fulfil  these  conditions 
best,  but  if  care  be  taken  it  will  be  found  that  a  small  amount  of 
oedema  may  be  recognised  simultaneously  in  other  regions  also 
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where  the  subcutaneous  tissue  is  loose.  Sufficient  has  already- 
been  said  concerning  the  dropsy  which  occurs  in  chronic  renal 
disease  complicated  by  cardiac  failure  and  in  lardaceous  disease- 
to  render  any  special  remarks  upon  the  distribution  of  the  dropsy 
in  these  conditions  unnecessary. 

But  questions  as  to  the  distribution  of  dropsical  fluid  cannot 
be  dismissed  quite  so  summarily. 

When  (Dedema  affects  one  and  the  same  tissue,  it  is  readily 
inteUigible  that  the  oedema  should  be  most  evident  in  parts 
where  that  tissue  is  loosest,  for  mechanical  factors  play  their 
part  in  osdema-formation  and  distribution.  It  is  obvious  that 
the  output  of  fluid  depends  upon  the  resistance  to  that  output 
offered  by  the  density  of  the  tissues,  so  that  there  is  no  difficulty 
in  understanding  that,  when  oedema  shows  itself  in  subcutaneous 
connective  tissue,  it  appears  sooner  and  is  more  marked  about 
the  ankles  than  over  the  tibiae,  or  in  the  eyelids  than  over  the- 
pinnae  of  the  ears.  But,  on  the  other  hand,  though  it  might  be 
expected,  for  example,  that  the  dropsy  of  acute  renal  disease 
should  affect  all  tissues  of  the  body  alike,  the  autopsy  of  a  person* 
who  has  succumbed  to  acute  nephritis  reveals  the  fact  that  the 
excess  of  lymph  shows  itself  more  in  some  situations  than  in 
others.  Thus  there  may  be  great  effusion  into  the  pleural  and 
peritoneal  cavities,  while  the  pericardial  cavity  contains  little  if 
any  more  fluid  than  normal;  there  may  be  extreme  oedema  ot 
the  subcutaneous  connective  tissue  over  the  whole  body  and  but 
little  excess  of  fluid  in  the  serous  cavities,  and  so  on.  Again,, 
when  the  lower  extremities  become  oedematous  as  the  result  of 
cardiac  disease,  the  excess  of  fluid  is  contained  in  the  skin  and. 
subcutaneous  tissue  rather  than  in  the  subjacent  muscles.  So 
also  in  extreme  hydrsemic  plethora,  Cohnheim  and  Lichtheim 
found  that  the  fibrous  tissue  of  the  salivary  glands  and  pancreas^ 
becomes  oedematous,  and  not  the  gland  substance  itself.  And  in 
renal  disease  and  in  venous  obstruction  it  is  the  subcutaneous- 
connective  tissue  and  adipose  connective  tissue  and  the  serous, 
cavities  which  become  dropsical,  while  such  tissues  as  the 
skeletal  muscles,  the  heart,  and  the  brain  remain  relatively  free. 
Indeed  it  may  be  stated  generally  that  when  oedema  shows^ 
itself  in  a  complex  mass  of  tissue,  it  is  most  manifest  in  those 
parts  of  the  mass  which,  physiologically,  are  of  the  least  import- 
ance to  the  economy. 

At  first  sight  it  is  difficult  to  reconcile  these  facts  with  the- 
view  of  oedema  which  has  been  put  forward  in  the  preceding 
pages.    At  first  sight  it  might  be  supposed  that  tissues  such  as. 
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the  brain  and  heart,  which  are  extremely  sensitive  to  alterations- 
in  the  quantity  and  quahty  of  their  blood-supply,  would  suffer  first 
and  to  the  greatest  extent  from  deficient  nutrition  or  storage  m 
situ  of  metabolic  waste  products ;  that,  in  other  words,  if  the 
author's  explanation  of  oedema  is  correct,  the  brain  and  heart 
should  be  the  first  organs  to  show  oedema,  and  should  show  it  to 
the  greatest  extent.  The  brain  can  ill  bear  starvation,  and  since 
its  demand  for  nutrition  is  greater  than  that  of  the  skin  when 
both  are  starved  or  poisoned  by  the  same  cause,  one  might  expect 
that  the  brain  should  become  oedematous  while  the  skin  is  normal, 
whereas  actually  the  converse  is  the  case. 

An  explanation  of  this  apparent  paradox  is  suggested  by  Voit's 
researches  on  the  proportionate  losses  in  weight  which  the  various 
organs  undergo  in  starvation.  Voit  found,  on  depriving  animals- 
of  food  over  a  prolonged  period,  that  those  tissues  which  are 
of  the  greatest  importance  to  the  economy  are  nourished  at  the 
expense  of  those  tissues  which  are  of  less  importance.  Thus  the 
brain  and  spinal  cord  lose  only  3  per  cent,  of  their  weight  in  a 
hunger  period  during  which  fat  loses  96  per  cent.  Now,  in  the 
starvation  which  leads  to  oedema  it  is  likely  that  the  same  law 
holds  good,  and  since  the  brain,  for  example,  gets  its  full  comple- 
ment of  food  when  the  heart  is  failing  or  when  there  is  renal 
disease,  it  follows  that  not  only  must  the  less  important  tissues, 
such  as  fat,  skin,  &c.,  get  a  diminished  supply  dependent  upon 
the  cardiac  or  renal  cause,  but  that  that  diminution  must  be 
further  augmented  by  reason  of  the  deficiencies  which  are  being 
made  up  in  the  brain.  The  brain,  therefore,  suffers  relatively 
little,  but  the  skin  &c.  suffer  doubly.  It  is  no  cause  for  wonder,, 
therefore,  that  oedema  manifests  itself  principally  in  the  skin  and 
serous  cavities. 

(B)  Source  of  (Edema  Fluid. — The  fluid  which  enters  a  part 
and  constitutes  oedema  comes,  of  course,  immediately  from  the 
blood,  but  in  the  case  of  localised  venous  congestion  and  localised 
aniemia,  at  all  events,  this  is  not  the  end  of  the  matter.  For  it 
can  be  shown  experimentally  that  when  a  localised  oedema  is 
taking  place,  the  tissues  of  the  body  at  large  give  up  water,  or 
rather  lymph,  to  the  blood  to  supply  that  loss  of  lymph  from 
the  blood  which  is  taking  place  in  the  region  of  oedema.  It  is 
probable  that  the  process  whereby  this  output  of  lymph  from 
muscle  and  skin  into  the  blood  takes  place,  is  the  converse  of 
that  which  leads  to  an  intake  of  lymph  by  muscle  when  a  con- 
dition of  apocoptic  plethora  {q.v.)  has  been  produced.  But  there 
are  also  reasons  for  believing  that  a  part  of  the  body  which  needs. 
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an  increased  supply  of  lymph  (the  part  which  is  becoming 
cedematous)  is  able  to  make  known  its  wants  to  the  rest  of  the 
economy,  whereby  other  parts  are  able  to  assist  in  meeting  that 
demand  and  to  prevent  the  whole  stress  from  being  felt  by  the 
blood.  Thus  it  will  be  seen  later  that  in  collapse  the  specific 
gravity  of  the  blood  is  for  some  time  maintained  at  a  constant 
level  in  this  way.  This  fact  is  an  additional  proof — if  one  be 
needed—  of  the  importance  of  the  tissues  in  the  pathology  of 
oedema. 

(e)  Summary. — If  we  attempt  to  define  oedema-formation, 
therefore,  we  may  say  that  it  is  an  excess  of  the  normal  process 
icherehy  the  nutrition  of  the  tissues  and  the  removal  of  their  waste 
products  are  carried  out.  We  must  conclude  that  oedema- 
formation,  like  lymph-formation,  is  the  ultimate  result  of  two  sets 
of  phenomena,  one  in  which  the  tissues  are  paramount,  the  other 
in  which  the  blood-vessels  are  paramount.  Of  these  two  sets  of 
phenomena,  the  first,  in  my  opinion,  is  the  more  important,  but 
the  second  is  the  one  upon  which  stress  is  laid  by  most  authors. 
As  to  whether  lymph-formation  and  oedema-formation  are  entirely 
explained  by  our  present  knowledge  of  physics  and  chemistry,  or 
are  in  great  part  dependent  upon  processes  which,  for  lack  of 
a  better  name,  we  may  call  vital  secretory,  is  uncertain,  but  in  my 
opinion  the  bulk  of  evidence  is  in  favour  of  the  latter  interpreta- 
tion ;  in  this  respect  I  agree  with  Heidenhain  and  Hamburger. 

We  have  dealt  with  the  accumulation  of  lymph  in  the  tissues 
and  in  the  serous  cavities,  and  have  shown  how  such  accumula- 
tion depends  upon  a  disturbance  of  the  normal  equilibrium  which 
exists  between  blood,  blood-vessels,  tissues,  and  lymphatics.  This 
equilibrium  is  unstable,  and  that  a  tissue  does  not  become 
cedematous — in  the  pathological  sense  of  the  term  —under  normal 
circumstances  depends  upon  the  fact  that  an  equilibrium  can  still 
be  maintained  in  spite  of  marked  alterations  in  the  conditions  of 
the  component  forces.  It  is  true  that  a  healthy  tissue,  which  is 
the  seat  of  increased  metabolism  (for  example,  the  hand  and  arm 
when  immersed  in  warm  water)  under  normal  conditions,  tends 
to  become  oedematous  in  that  it  contains  a  greater  amount  of 
lymph  than  when  its  metabolism  is  not  increased.  That  it  does 
not  become  pathologically  oedematous  simply  depends  upon  the 
fact  that  the  reserve  power  of  the  heart  and  the  degree  of  dilata- 
tion which  the  arteries  can  undergo  are  such,  that  an  amount  of 
blood  and  of  lymph  can  be  supplied  to  the  part  far  greater  than  is 
necessary  to  supply  the  increased  demand  of  the  tissues.  The 
tissues  demand  more  lymph  than  normal,  but  their  demands  can 
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be  supplied  at  once  and  in  full  by  the  vascular  system ;  starvation 
and  storage  of  waste  products  are  kept  within  manageable  limits. 
But  when  there  is  some  failure  of  the  central  organ,  as  in  cardiac 
disease,  or  when  there  is  an  impediment  to  the  circulation,  as  in 
the  case  of  a  tight  ring  or  bandage,  the  action  of  which  is  pro- 
longed, or  when  there  is  an  insufficient  supply  of  blood  to  meet 
the  normal  requirements  of  the  tissues,  as  after  ligo.ture  of  the 
main  artery  of  a  limb,  starvation  or  storage  of  waste  products,  or 
both  together,  occur  to  so  great  an  extent  that  the  maximum 
endeavours  on  the  part  of  the  circulatory  system  are  insufficient 
to  meet  the  demands  of  the  tissue.  However  much  lymph  may 
be  poured  out  there  still  remains  a  stimulus  for  the  output  of 
more,  and  since  the  capacity  of  the  lymphatic  system  is  limited 
this  lymph  cannot  be  carried  away  as  rapidly  as  it  is  formed :  a 
portion  of  it  remains  in  the  tissues  and  oedema  results. 

From  this  it  follows  that  if  the  demand  of  the  tissues  can  be 
sufficiently  lessened  to  be  brought  within  the  Hmits  of  the  supply, 
whether  that  supply  be  normal  or  abnormal,  the  demand  of  the 
tissues  and  the  output  of  lymph  will  cease,  so  that  in  time  the 
excess  of  Ij^mph  will  drain  away  from  the  tissues  and  the  oedema 
will  disappear.    That  this  sequence  of  events  happens  is  shown 
very  clearly  by  the  effect  of  rest  on  a  patient  with  commencing 
heart  failure  and  oedema  of  the  legs.     "^Vhen  the  patient  is 
walking  about,  the  demands  of  the  tissues  are  the  sum  of  the 
demands  made  for  the  maintenance  of  hfe  of  the  tissues,  and  the 
demands  made  for  the  exercise  of  functional  activity  by  the 
muscles.   Por  these  demands  the  vascular  system  is  not  sufficient, 
and  hence  the  oedema.    But  when  the  patient  is  at  rest  in  bed 
the  demands  made  for  functional  activity  to  a  large  extent  cease, 
and  the  vascular  system,  though  unable  to  meet  the  double 
demand,  is  equal  to  meeting  the  diminished  demand  ;  the  oedema 
rapidly  disappears.    At  a  later  stage  of  the  cardiac  failure,  how- 
ever, the  supply  is  not  even  equal  to  the  one  demand  made  by  the 
tissues  for  the  maintenance  of  their  life,  and  oedema  reappears. 
Under  these  circumstances,  though  it  is  no  longer  possible  to 
reduce  the  demand  of  the  tissues,  equilibrium  may  be  re-esta- 
blished by  increasing  the  supply.    This  can  be  done  by  the  aid  of 
cardiac  tonics  such  as  digitalis,  strophanthus,  strychnine,  iron,  &c. ; 
these  drugs  improve  the  nutrition  of  the  myocardium,  lead  to  a 
more  satisfactory  ventricular  contraction,  and  again  oedema  dis- 
appears.  But  in  the  case  of  every  cardiac  patient,  if  the  condition 
run  a  natural  and  uninterrupted  course,  there  comes  a  time  when 
at  last  the  heart  can  no  longer  be  braced  up,  and  when,  aided  to 
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the  utmost  by  drugs  and  by  reduction  to  a  minimum  of  the 
demand,  it  is  nevertheless  unable  to  meet  the  requirements  of  the 
tissues.  Dropsy  now  never  leaves  thq  patient,  but,  from  causes, 
that  can  readily  be  understood,  the  condition  goes  from  bad  to 
worse  until  death  closes  the  scene. 

VI.  Absorption  of  (Edema  Fluid. — There  is  no  doubt  that  the 
removal  of  exuded  fluid  is  carried  out  by  the  lymphatics,  and 
when  the  tissues  are  the  seat  of  the  exudation  and  the  amount  of 
exudation  is  small,  it  is  probable  that  the  lymphatics  alone  are 
sufficient  for  the  purpose.  But  when  the  amount  of  fluid  is 
great,  it  is  possible  that  the  blood-vessels  play  a  part  in  the 
process.  Indeed  in  the  case  of  collections  of  fluid  in  the  serous 
cavities,  whether  introduced  experimentally  or  during  the  course 
of  disease,  there  is  reason  to  believe  that  the  blood-vessels  may 
play  a  greater  part  than  the  lymphatics.  Thus  Starling  and 
Tubby  found,  on  injecting  colouring  matter  (indigo-carmine  and 
methylene-blue)  into  the  pleural  or  the  peritoneal  cavity,  that  in 
eleven  out  of  twelve  experiments  the  colouring  matter  appeared 
earlier  in  the  urine  than  in  the  lymph  which  flowed  from  the 
thoracic  duct. 

All  varieties  of  fluid  are  not  absorbed  at  the  same  rate,  whether- 
from  serous  cavities  or  from  connective  tissue  spaces;  It  has 
been  found  experimentally  that  watery  solutions  of  crystalloids 
are  absorbed  with  much  greater  rapidity  than  fluids  containmg. 
proteid.  Among  watery  solutions  of  crystalloids,  too,  the 
rapidity  of  absorption  is  greater  as  the  solution  is  more  dilute. 
The  same  differences  are  observed  clinically ;  in  fact,  pathological 
exudations  into  the  serous  cavities,  if  they  contain  a  consider- 
able amount  of  proteid,  are  often  absorbed  with  extreme  slowness 
or  not  at  all.  Whether  a  solution  introduced  into  a  serous  cavity, 
or  into  the  connective  tissues  experimentally  or  for  therapeutic 
purposes,  be  a  purely  watery  one  or  n&,  after  a  shorter  or  longer 
time  such  fluid  as  remains  at  the  seat  of  injection  is  found  to 
contain  albumen.  In  the  case  of  a  solution  of  a  crystalloid,  if  the 
degree  of  concentration  be  above  a  certain  point,  the  volume  of 
fluid  injected  into  the  serous  cavity  or  connective  tissue  increases 
at  first,  owing  to  the  output  of  fluid  from  the  blood-vessels. 

The  process  whereby  absorption  of  fluid  takes  place,  in  so  far  as 
it  takes  place  by  way  of  the  blood-vessels,  forms  a  part  of  the  whole 
controversy  as  to  the  physical  or  vital  function  of  the  blood- 
vessel walls.  This  controversy  in  the  case  of  lymph-formation  and 
oedema-formation  has  already  been  dealt  with  at  some  length,  and. 
it  is  unnecessary  to  enter  so  fully  into  the  subject  of  absorption. 
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(1)  Part  played  by  the  Lymphatics. — Ifc  may  be  taken  as 
certain  that  one  portion  of  absorption  is  carried  out  by  the 
lymphatics.  The  lymph  is  urged  along  the  lymphatics  mainly 
by  the  aid  of  muscular  contraction  of  the  parts  in  which  the 
lymphatics  lie,  aided  perhaps  by  the  contractility  which,  accord- 
ing to  Camus  and  Gley,  resides  in  the  walls  of  the  thoracic  duct. 
Concerning  this  portion  of  the  process  nothing  more  need  be  said. 

(2)  Part  played  by  the  Blood-vessels. —  In  investigating  the 
part  played  by  the  blood-vessels  in  absorption,  Heidenhain  intro- 
duced salt  solutions  of  known  strengths,  which  were  different  in 
•different  experiments,  into  a  loop  of  intestine  shut  off  from  the 
rest  of  the  gut  by  ligatures.  After  a  certain  time  the  loop  was 
■opened  and  the  fluid  contents  collected  and  analysed.  Heidenhain 
found  that  isotonic  and  hypotonic  saline  solutions  (with  reference 
to  the  blood-serum  of  the  animal  under  experiment)  were  absorbed, 
apd  this  he  regarded  as  being  due  chiefly  to  osmosis.  But  since 
he  found  that  hypertonic  solutions  were  absorbed  also,  and  that, 
after  exposing  the  intestinal  mucous  membrane  to  the  action  of 
sodium  fluoride  (which  destroys  the  vitality  of  the  epithelium), 
the  absorption  which  occurs  is  different  from  that  which  occurs 
when  sodium  fluoride  has  not  been  used,  and  is  explicable  on 
physical  principles  alone,  he  concluded  that  besides  the  physical 
part  of  absorption  there  is  a  part  which  is  dependent  upon  the 
life  of  the  epithelium.  Weymouth  Eeid,  too,  has  found  that 
■absorption  from  the  intestine  cannot  be  explained  on  physical 
principles  alone. 

Starling  for  a  time  was  inclined  to  allow  that  absorption  from 
the  pleural  cavity  cannot  be  explained  on  physical  principles 
alone,  but  in  his  later  work  he  abandoned  this  view,  and  holds 
that  absorption,  so  far  as  the  blood-vessels  are  concerned  in 
the  process,  essentially  depends  upon  osmosis  and  dialysis.  Of 
course  he  only  regards  these  processes  as  being  concerned  with 
the  absorption  of  water  and  crystalloids ;  the  proteid  constituents 
of  exudations,  he  considers,  are  absorbed  by  way  of  the  lymphatics, 
and,  partly,  perhaps  used  up  in  the  nutrition  of  the  tissues.  With 
regard  to  the  absorption  of  highly  albuminous  fluids  from  the 
serous  cavities  and  connective  tissue  spaces,  Starling  maintains 
that  there  is  no  sufficient  evidence  that  such  fluids  are  absorbed 
by  the  blood-vessels  at  all,  and  that  the  very  slowness  with  which 
they  are  absorbed  is  probably  an  indication  that  absorption  is 
carried  out  'mainly,  if  not  exclusively,'  by  the  lymphatics. 

Hamburger  found  that  absorption  from  the  peritoneal  cavity 
takes  place  even  twenty-four  hours  after  the  animal  has  been 
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killed,  and  that  no  difference  is  made  whether  the  endothelial 
cells  of  the  peritoneum  have  or  have  not  been  killed  by  the 
action  of  heat  or  of  any  chemical  substance.  He  therefore  rejects 
the  vitalistic  explanation,  and  since,  as  Heidenhain  had  pointed 
out,  fluids  with  a  lower  freezing  point  and  therefore  a  higher 
final  osmotic  pressure  than  serum  are  absorbed,  as  well  as  those 
with  an  equal  or  a  higher  freezing  point,  he  also  rejects  osmosis 
as  the  effective  agent.  He  ascribes  absorption  to  the  physical 
process  of  imbibition.  According  to  Fick  two  kinds  of  imbibition 
may  be  recognised :  (1)  molecular,  i.e.  the  sucking  up  of  fluids 
by  homogeneous  substances,  such  as  gelatine,  agar-agar,  &c.  ;  (2) 
capillary,  i.e.  imbibition  into  porous  materials,  such  as  porcelain, 
connective  tissue,  &c.  Hamburger  suggests  that  when  fluids  are 
present  in  the  peritoneal  cavity,  the  cement  substance  between 
the  endothehal  cells,  and  possibly  the  cells  themselves,  take  up 
the  fluid  by  molecular  imbibition.  Then  by  capillary  imbibition 
the  fluid  is  taken  up  into  the  connective  tissue  spaces,  where  a 
small  part  is  removed  by  the  lymph-stream.  The  remainder  is 
sucked  up  by  the  cement  substance  between  the  endothehal  cells 
of  the  blood-vessel  walls  or  even  by  the  cells  themselves.  The 
power  of  imbibition  by  a  tissue  being  limited,  in  a  short  time  the 
maximum  swelling  would  be  reached  and  absorption  would  cease 
were  it  not  that  the  blood-stream  continually  removes  fluid  taken 
up  by  the  capillary  walls.  He  found  that  he  was  able  artificially 
to  simulate  the  process  and  produce  absorption  of  serum. 

Now  there  is  grave  doubt  whether  the  so-called  '  hypertonic  ' 
solutions  of  all  those  authors  who  have  introduced  crystalloid 
solutions  into  the  peritoneal  cavity  for  experimental  purposes  are 
hypertonic  at  all,  in  the  sense  that,  on  physical  principles,  the 
flow  of  fluid  should  be  from  the  blood-vessels  into  the  peritoneal 
cavity.  As  a  matter  of  fact,  in  the  majority  of  cases,  if  not  in  all, 
the  crystalloid  solutions  used  were  of  such  strengths  that,  on 
physical  principles  and  at  pressures  such  as  obtain  in  the  animal 
body,  the  flow  of  fluid  should  take  place  in  the  direction  that  it 
has  done,  viz.  from  the  peritoneal  cavity  to  the  blood-vessels. 
The  conclusions  drawn  by  Heidenhain  and  by  Hamburger  lose 
force  from  the  fact  that  the  arguments  are  based  upon  false 
premisses. 

But  even  if  the  crystalloid  solutions  are  of  such  a  strength 
that  no  objection  can  lie  on  this  score,  the  author's  experiments 
indicate  that  absorption  of  undoubtedly  hypertonic  crystalloid 
solutions  can  take  place  ultimately  by  a  combination  of  the 
physical  processes  of  osmosis  and  dialysis.    The  reason  of  this 
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depends  upon  the  fact  that  the  presence  of  proteid  in  a  solution 
does  not  hinder  dialysis  to  anything  like  the  extent  that  it  hinders 
osmosis. 

If  we  place  on  one  side  of  a  membrane,  in  an  artificial  scheme, 
serum  which  is  in  osmotic  equilibrium  at  atmospheric  pressure 
with  a  1-6  per  cent,  watery  solution  of  sodium  chloride,  and  on 
the  other  side  of  the  membrane  place  a  2  per  cent,  watery  solution 
of  sodium  chloride,  at  first  fluid  passes  through  the  membrane  by 
osmosis  towards  the  salt  solution.  After  a  cerfcam  point  of  con- 
centration has  been  reached  on  either  side  of  the  membrane  the 
two  fluids  come  into  osmotic  equilibrium  and  the  flow  of  fluid 
ceases.  But  afterwards  it  recommences,  but  the  direction  of  the 
floio  is  reversed  and  the  serum  increases  in  amount  at  the  expense 
of  the  salt  solution.  The  reason  of  this  is  as  follows.  While 
osmosis  is  going  on  from  serum  to  salt  solution,  sodium  chloride 
is  dialysiug  through  the  membrane  from  the  salt  solution  into  the 
serum.  On  starting  the  experiment  the  amount  of  sodium 
chloride  in  the  serum  is  approximately  -5  per  cent.,  the  amount  of 
sodium  chloride  in  the  salt  solution  is  2  per  cent. ;  hence  dialysis 
will  only  cease  when  a  1-25  per  cent,  solution  of  sodium  chloride 
is  on  either  side  of  the  membrane.  Before  this  can  be  reached, 
however,  the  point  of  concentration  (1-6  per  cent.)  of  the  sodium 
chloride  solution  necessary  to  produce  osmotic  equilibrium  with 
the  serum  must  be  passed,  and  directly  that  point  has  been  passed 
the  osmotic  flow  of  fluid  changes  its  direction.  It  follows,  there- 
fore, that  the  experiments  hitherto  performed,  which  have  shown 
the  absorption  of  so-called  '  hypertonic  '  solutions,  cannot  be  taken 
as  evidence  of  the  insufficiency  of  osmosis,  as  both  Heidenhain 
and  Hamburger  would  have  us  believe.  If  we  apply  this  ex- 
periment to  the  animal  body,  and  remember  that  such  sodium 
chloride  as  may  pass  into  the  blood-vessels  by  dialysis  is 
readily  excreted  by  the  kidneys,  it  is  obvious  that  physical 
experiments  indicate  no  limit  to  the  degree  of  concentration 
which  a  crystalloid  solution  must  possess  in  order  to  put  the 
possibility  out  of  the  question  that  absorption  of  crystalloid 
solutions  takes  place  by  a  combination  of  the  physical  processes 
of  osmosis  and  dialysis. 

When  the  fluid  in  the  peritoneal  cavity  contains  proteid,  the 
case  is  not  greatly  diflerent,  for  when  two  fluids,  which  difler  from 
one  another  only  in  the  amounts  of  proteid  which  they  contain, 
are  placed  on.  either  side  of  a  membrane  in  an  artificial  scheme, 
the  fluid  which  contains  the  greater  amount  of  proteid  increases 
m  quantity  at  the  expense  of  the  fluid  which  contains  the  smaller 
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amount  of  proteid.  The  reason  of  this  appears  to  He  in  the  different 
degrees  to  which  the  membrane  is  clogged  by  proteid  on  the  two 
sides.  It  is  only  when  actual  haemorrhage  has  taken  place  that 
•exact  similarity  in  proteid  content  of  the  fluids  is  found  inside  and 
outside  the  blood  vessels  ;  in  all  other  cases  the  blood  contains 
the  greater  amount  of  proteid,  and  hence  on  physical  principles 
absorption  up  to  a  certain  point  can  take  place. 

From  the  evidence  afforded  by  physical  experiment  we  may 
<;onclude  that,  when  absorption  takes  place,  it  does  so  in  the 
following  way.  Water  passes  from  the  effusion  into  the  blood- 
vessels by  osmosis  and  causes  concentration  of  the  salts  in  the 
effusion  and  dilution  of  the  salts  in  the  blood-plasma.  Owing 
to  the  difference  in  concentration  of  the  salts  on  the  two  sides 
of  the  membrane,  dialysis  is  set  up  and  salts  pass  into  the  blood- 
vessels from  the  effusion.  These  two  processes  must  go  on  so 
long  as  the  proteid  composition  of  the  effusion  is  lower  than  that 
of  the  blood,  but  as  soon  as  the  proteid  composition  of  both  fluids 
is  identical,  any  absorption  which  may  take  place  must  probably 
be  independent  of  osmosis  and  dialysis.  If  it  depend  upon 
physico-mechanical  processes  the  remainder  of  the  fluid  prob- 
ably is  carried  away  by  the  lymphatics.  A  physical  view  of 
absorption  such  as  has  been  sketched  above  agrees  well  with 
the  fact  that  absorption  of  highly  albuminous  fluids,  and  in 
particular  of  blood-effusions,  takes  place  with  extreme  slowness. 
In  the  case  of  blood-effusions  it  is  certain  that  in  part  absorption 
takes  place  by  the  lymphatics.  For  when  blood  has  been  effused 
into  the  peritoneal  cavity  (after  rupture  of  a  tubal  gestation,  for 
example)  the  lymphatics  of  the  anterior  mediastinum  and  the 
lymph  glands  with  which  they  are  in  connection  are  found 
engorged  with  blood.  Absorption  by  the  lymphatics,  however,  is 
•slow,  for  they  are  few  and  small  in  comparison  with  the  amount 
■of  fluid  that  has  to  be  removed, ^  and  since  under  such  circum- 
stances the  parts  that  could  be  played  by  osmosis  and  dialysis  are 
a-educed  to  a  minimum,  it  is  intelligible  that  of  all  kinds  of  effusion, 
blood  is  absorbed  with  the  greatest  difficulty. 

To  conclude.  The  possibihty  must  be  allowed  that  absorption 
of  effused  fluids  is  brought  about  in  a  physico-mechanical  way. 
Upon  this  view,  part  of  the  fluid  drains  away  by  the  lymphatics, 
part  passes  directly  into  the  blood-vessels  owing  to  osmosis  and 
dialysis.  Whether  that  explanation  is  considered  a  sufficient  one, 
largely  depends  upon  the  view  that  is  held  concerning  the  secre- 
tory or  physical  nature  of  the  blood-vessel  wall. 

'  The  effects  of  coagulation  of  effused  blood  are  purposely  left  out  of  consideration. 
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CHAPTER  VIII 
TEE  PATEOLOGY  OF  INFLAMMATION 


Synopsis. 

I.  General  Considerations.   Description  VI. 
of  Phenomena  in  Frog.  j 

II.  The  Dilatation  of  Blood-vessels. 

III.  The  Exudation : 

(i)  Effects  of    Mechanical  Con- 

ditions. 

(ii)  Characters  of  the  Exudation  : 

'  False  Membranes.' 

(iii)  Meaning  of  the  Exudation  for 

the  Economy. 
lY.  The  Cellular  Elements  of  the  Blood 
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(i)  The  Red  Corpuscles. 

(ii)  The     Colourless  Corpuscles. 
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V.  Tissue    Changes  in  a  Region  of 
Inflammation. 


Causes  of  Variation  in  the  Type  of 
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(i)  The  Irritant : 

(a)  Effect  of  Nature  of  the 

Irritant. 
(6)  Effect  of  Intensity  of  the 

Irritant. 

(ii)  The  Tissue   on   which  the 

Irritant  acts  : 

(a)  Effect  of  Nature  of  the 

Tissue. 

(b)  Effect  of  Mechanical 

Conditions. 

(c)  Effect  of  Integrity  or 

otherwise  of  Nervous 
Supply. 


I.  General  Considerations  and  Description  of  Phenomena  in 
Frog". — In  spite  of  Thoma's  remark  that  '  Inflammation  is  a  kind 
of  protean  idea  which  dates  from  the  scholastic  period  of  ancient 
medicine,  and  should  be  relegated  to  it  as  its  undisputed  pro- 
perty,' it  is  necessary  to  consider  the  subject  as  if  it  were  a  definite 
entity  instead  of  being  a  combination  of  phenomena.  For  so  long 
as  pathology  is  not  divorced  from  medicine  and  surgery,  it  will  be 
necessary  to  examine  together  the  processes  which  combine  to 
make  up  the  most  common  of  all  pathological  conditions.  There 
is  no  doubt,  as  we  shall  see,  that  inflammation  is  protean,  but  in 
spite  of  diversity  in  shape  the  pathological  principles  underlying 
the  conception  of  inflammation  are  everywhere  the  same,  and  the 
diversity  of  shape  depends  upon  factors  which  may  be  highly 
important  in  determining  the  kind  of  inflammation  that  shall 
appear,  but  which,  nevertheless,  are  unessential  in  considering 
inflammation  broadly. 

It  is  intelligible,  from  the  frequency  with  which  inflammatory 
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conditions  occur,  that  .the  subject  of  inflammation  should  have 
attracted  the  attention  of  the  earliest  writers.  Hippocrates  (b.o. 
430)  described  the  condition  under  the  name  of  (tiXsy/xovt],  and 
at  the  present  da}^  some  surgeons  speak  of  '  phlegmonous ' 
erysipelas  when  they  wish  to  imply  that  the  course  of  the  in- 
flammation is  peculiarly  rapid  and  severe.  Celsus  (a.d.  32)  drew 
attention  to  the  most  important  characters  of  acute  inflammation, 
and  the  redness,  swelling,  heat,  and  pain  which  he  described  have 
since  his  time  been  universally  known  as  the  '  cardinal  signs  '  of 
inflammation.  To  the  four  cardinal  signs  a  fifth,  '  impairment  of 
function,'  was  added  later,  and,  speaking  generally,  we  find  that 
these  five  signs  are  to  be  recognised  in  all  cases  of  inflammation. 
At  the  very  outset,  however,  it  is  necessary  to  state  that  the 
degrees  to  which  the  cardinal  signs  are  present,  differ  in  different 
cases ;  in  one,  swelhng  is  inconspicuous,  pain  is  severe,  in 
another,  redness  is  inconspicuous,  impairment  of  function  is 
severe,  and  so  on  almost  to  infinity. 

The  minute  changes  that  occur  in  a  vascular  tissue  when  it 
becomes  the  seat  of  inflammation  as  the  result  of  the  action  of  an 
irritant  may  be  examined  in  the  living  animal.  Though  the  frog 
is  most  commonly  used  for  the  experiment,  it  has  been  shown 
that  the  changes  observed  in  the  frog  are  true  also  for  warm- 
blooded animals  such  as  the  dog  and  the  rabbit.  With  regard  to 
the  changes  that  are  seen  in  the  frog  in  inflammation,  the  descrip- 
tion given  by  Cohnheim  is  so  vivid  that  it  will  be  reproduced  here 
verbatim.  In  whatever  way  it  may  be  necessary  to  differ  in  the 
interpretation  of  the  results  from  Cohnheim,  there  can  be  no  ■ 
hesitation  in  accepting  the  description  that  he  gives  of  the 
changes  observed  as  perfect.    Cohnheim  writes  as  follows  :  ^ 

'  You  need  only  expose  the  vessels  of  a  part  to  the  air  by 
removing  its  protective  coverings  ;  when,  if  you  have  selected  a 
transparent  tissue,  there  is  nothing  to  hinder  microscopic  examina- 
tion. The  simplest  method  is  to  draw  out  the  intestine  of  a 
curarised.frog  through  a  laterally  placed  opening  in  the  abdominal 
wall,  and  to  bring  the  mesentery  under  the  microscope,  after 
having  carefully  spread  it  out  on  a  shde  adapted  for  the  purpose. 
Or  you  may  wound  the  papillary  surface  of  the  frog's  tongue  by 
removing  the  papillte  with  a  cut  of  the  scissors,  carried  parallel  to 
the  surface  ;  a  number  of  larger  and  smaller  vessels  will  thus  be 
exposed  in  the  base  of  the  wound.  No  further  violence  should  be 
used  after  this  ;  on  the  contrary,  the  more  carefully  you  protect 
the  preparation  from  all  disturbing  accidents,  as  contamination 

'  English  translation,  pp.  247-263. 
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by  blood,  stretching,  or  loss  of  moisture,  the  more  regularly  will  a. 
succession  of  appearances  be  developed  which  are  well  calculated 
to  fully  engross  your  attention. 

'  The  first  thing  you  notice  in  the  exposed  vessels  is  a  dilata- 
tion, which  occurs  chiefly  in  the  arteries,  then  in  the  veins,  and 
least  of  all  in  the  capillaries.  With  the  dilatation  which  is 
gradually  developed,  but  which  during  the  space  of  fifteen  to 
twenty  minutes  has  usually  attained  considerable  proportions 
(often  exceeding  twice  "the  original  diameter),  there  immediately 
sets  in  in  the  mesentery  an  acceleration  of  the  bloodstream,  most 
striking  again  in  the  arteries,  but  very  apparent  in  the  veins  and 
capillaries  also.  Yet  this  acceleration  never  lasts  long  ;  after  half 
an  hour  or  an  hour,  or  sometimes  after  a  shorter  or  a  longer 
interval,  it  invariably  gives  place  to  a  decided  retardation,  the 
velocity  of  the  stream  falling  more  or  less  below  the  normal 
standard,  and  so  continuing  as  long  as  the  vessels  occupy  their 
exposed  situation.  Such  is  the  course  of  events  in  the  mesentery 
experiment,  in  which  not  only  the  vessels  of  the  mesentery  but 
their  terminal  ramifications  in  the  intestine  are  laid  bare.  In  th& 
wound  of  the  tongue,  on  the  other  hand,  the  acceleration  is  often 
altogether  absent;  and /row  the  first  there  is  associated  with  the 
dilatation  a  retardation  of  the  stream,  which  increases  as  the 
dilatation  increases.  •  This  is  the  case,  at  least,  when  a  number  of 
larger  branches  are  exposed  in  the  wound  but  not  their  finer 
ramifications.  Should  the  latter  also  be  laid  bare,  a  temporary 
acceleration  precedes  the  slowing  of  the  blood-stream,  which 
never  fails  finally  to  set  in  in  the  exposed  vessels. 

'  This  stage  having  been  reached,  the.  vessels  are  seen  to  be  all 
of  them  very  wide  ;  a  multitude  of  capillaries  which  were  formerly 
hardly  perceptible  can  now  be  clearly  distinguished ;  pulsation  is 
unusually  conspicuous  on  into  the  finest  ramifications  of  the- 
arteries  while  the  flow  is  everywhere  slower  than  normal,  so 
that  the  individual  corpuscles  may  easily  be  recognised  not  only 
in  the  capillaries  but  also  in  the  veins,  and  during  diastole  even  ni 
the  arteries.  In  consequence  of  the  tardy  forward  movement,  the 
corpuscles  accumulate  in  large  numbers  in  the  capillaries,  so  that 
the  latter  appear  redder  than  usual,  and  therefore  fuller,  more- 
voluminous  ;  yet  their  cross-section,  as  just  stated,  is  only  very 
inconsiderably  enlarged.  But  it  is  the  veins  rather  than  the 
capillaries  that  attract  the  notice  of  the  observer;  for  slowly  and 
gradually  there  is  developed  in  them  an  extremely  characteristic 
condition;  the  originally  plasmatic  zone  becomes  filled  unth  m- 
nimerable  colomless  corpuscles.    The  plasmatic  zone  of  the  veins. 
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■you  will  remember,  is  always  occupied  by  scattered  colourless 
blood-corpuscles,  which,  owing  to  their  globular  form  and  low 
■specific  gravity,  are  driven  into  the  periphery  of  the  stream,  and 
whose  adhesiveness  makes  it  difficult  for  them  to  escape  from  the 
wall  once  they  have  come  into  contact  with  it.  It  is  obvious  that 
this  difficulty  will  be  enhanced  in  proportion  to  the  slowness  of 
the  blood-stream;  and"* thus  it  is  not  surprising  that  a  gradual 
•accumulation  of  colourless  corpuscles  should  take  place  in  the 
peripheral  zone  and  here  come  to  be  comparatively  motionless. 
For  that  a  state  of  absolute  rest,  an  actual  standstill,  is  out  of  the 
■question,  I  need  hardly  mention  expressly ;  the  colourless  cells  of 
the  plasmatic  layer  remain  stationary  at  most  for  a  time,  they 
then  advance  a  little,  and  perhaps  make  another  short  halt,  and 
so  on.  Yet  this  does  not  lessen  the  striking  contrast  presented 
by  the  central  column  of  red  blood-corpuscles  flowing  on  in  an 
uninterrupted  stream  of  uniform  velocity  and  the  peripheral  layer 
of  resting  colourless  cells  ;  the  internal  surface  of  the  vein  appears 
paved  with  a  single  but  unbroken  layer  of  colourless  corpuscles 
without  the  interposition  at  any  time  of  a  single  red  one.  It  is 
the  separation  of  the  white  from  the  red  corpuscles  that  gives  the 
venous  stream  in  these  cases  that  characteristic  appearance,  any- 
thing analogous  to  which  you  will  look  for  in  vain  in  the  other 
vessels.  For  in  the  capillaries,  although  large  numbers  of  colour- 
less blood-corpuscles  adhere  to  the  walls,  there  is  always  an  ad- 
mixture of  red  cells,  or  rather  these  are  very  decidedly  in  the 
majority.  Lastly,  in  the  arteries  there  is  seen  during  diastole, 
almost  at  the  moment  of  exit  of  the  wave,  a  number  of  colourless 
corpuscles  rolling  straight  towards  the  periphery  ;  yet  these  are 
always  swept  into  the  stream  at  the  next  systole,  so  that  the 
development  of  a  resting  peripheral  layer  is  here  altogether  out  of 
the  question. 

'  But  the  eye  of  the  observer  hardly  has  time  to  catch  all  the 
details  of  the  picture  before  it  is  fettered  by  a  very  unexpected 
•occurrence.  Usually  it  is  a  vein  with  the  typical  peripheral 
arrangement  of  the  white  corpuscles,  but  sometimes  a  capillary, 
that  first  displays  the  phenomenon.  A  pointed  projection  is  seen 
on  the  external  contour  of  the  vessel  wall ;  it  pushes  itself  further 
outwards,  increases  in  thickness,  and  the  pointed  projection  is 
transformed  into  a  colourless  rounded  hump ;  this  grows  longer 
-Jind  thicker,  throws  out  fresh  points  and  gradually  withdraws 
itself  from  the  vessel  wall,  with  which  at  last  it  is  connected  only 
by  a  long  thin  pedicle.  Finally  this  also  detaches  itself,  and 
now  there  lies  outside  the  vessel  a  colourless,  faintly  glittering, 
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contractile  corpuscle  with  a  few  short  processes,  and  one  long  one, 
of  the  size  of  a  white^blood-cell,  and  having  one  or  more  nuclei ;  in 
a  word,  a  colourless  hlood-corpuscle.    While  this  is  taking  place 
at  one  spot,  the  same  process  has  been  carried  on  in  other  portions 
of  the  veins  and  capillaries.     Quite  a  large  number  of  white 
blood-cells  have  betaken  themselves  to  the  exterior  of  the  blood- 
vessels, and  these  are  constantly  followed  hy  fresh  ones,  whose 
place  in  the  peripheral  layer  is  immediately  occupied  by  others. 
Like  every  stage  of  the  entire  process  on  from  the  moment  of 
exposure,  these  phenomena  may  develop  either  rapidly  or  slowly ; 
at  one  time  the  earliest  emigration  very  quickly  succeeds  the  pave- 
menting ;  at  another,  an  hour  or  more  may  pass  without  anything 
happening  to  draw  attention  to  the  contour  of  a  single  vein  or 
capillary.    In  any  case  the  final  result-  after  six  or  eight  or  more 
hours  have  elapsed  will  be  the  enclosure  of  all  the  veins,  small 
and  large,  of  the  mesentery  or  wound  of  the  tongue  with  several 
layers  of  colourless  corpuscles.    These  fence  in  the  veins,  in  the 
interior  of  which  the  previously  described  conditions  continue, 
namely,  the  peripheral  arrangement  of  the  colourless  cells  and  the 
central  unbroken  flow  of  red  blood-corpuscles.  Nothing  analogous 
has  occurred  in  connection  with  the  arteries,  their  contour  has 
remained  smooth  as  before,  nor  can  a  solitary  corpuscle,  red  or 
white,  be  discovered  on  their  outer  surface,  except,  of  course,  such 
as  may  have  reached  them  from  the  neighbouring  veins.    On  the 
other  hand,  the  capillaries  take,  as  already  mentioned,  a  very 
active  part  in  the  process,  yet  these  and  the  capillary  veins  differ 
remarkably  from  the  veins  proper  in  that  not  merely  colourless 
but  red  corpuscles  emigrate  from  them.    The  result  is  completely 
in  harmony  with  the  condition  of  the  stream  in  these  vessels,  for 
I  have  already  called  your  attention  to  the  fact  that  in  the  veins 
only  white  corpuscles,  in  the  capillaries  both  varieties,  are  in  con- 
tact with  the  vessel  wall,  so  that  whether  a  preponderance  of  white 
or  of  red  corpuscles  passes  out  of  a  given  capillary  depends  solely 
on  the  numerical  relations  of  the  cells  accumulated  in  its  interior. 

'  Keeping  pace  with  this  exodus,  emigration,  or,  as  it  is  also 
called,  extravasation,  of  corpuscular  elements,  there  occurs  an 
increased  transudation  of  fluid,  in  consequence  of  which  the 
meshes  of  the  mesentery  or  the  tissues  of  the  tongue  are  infil- 
trated and  swell.  But  this  is  not  all.  The  extravasated  colourless 
corpuscles  distribute  themselves,  in  proportion  as  their  numbers 
increase,  over  a  larger  area,  forsaking  the  neighbourhood  of  the 
vessels  from  which  they  were  derived.  The  tissues  become  more 
and  more  densely  packed  with  them,  while  the  red  cells,  which 
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have  not  the  power  of  independent  locomotion,  remain  seated  in 
the  vicinity  of  their  capillaries,  yet  these  also  may  be  carried  off 
by  the  stream  of  transudation.  Soon  a  moment  must  arrive 
when  the  products  of  exudation  and  transudation  can  no  longer 
be  accommodated  in  the  tissues.  They  now  gain  the  free  surface 
of  the  mesentery,  and  should  the  transuded  fluid  coagulate,  as  is 
the  rule  here,  the  final  result  of  the  processes  just  described  will 
be  the  deposition  on  the  mesentery,  as  well  as  on  the  intestine,  of 
a  fibrinous  pseudo-memhrane  densely  packed  with  coloui'less  blood- 
corpuscles,.and  interspersed  with  isolated  red  cells. 

'  The  appearances  are  essentially  the  same  after  painting  the 
smooth  surface  of  the  frog's  tongue  with  croton  oil.  Of  course  it 
is  absolutely  necessary  to  employ  the  crotoii  oil  in  extreme  dilu- 
tion— about  one  part  to  forty  or  fifty  of  olive  oil — and  even  then 
to  allow  the  mixture  to  act  only  a  very  short  time.  For  if  you 
do  not  soon  wipe  off  the  soil,  or,  still  more,  if  you  make  use  of  a 
concentrated  solution,  you  at  once  get  an  intense  corrosive  action, 
as  evidenced  by  the  formation  of  thrombi  in  the  larger  vessels, 
and  the  occurrence  of  complete  stasis  in  some  of  the  capillaries, 
more  especially  the  superficial  ones.  The  weak  solution,  on  the 
other  hand,  provokes  an  enormous  dilatation  of  all  the  vessels, 
which  at  first  is  accompanied  by  a  very  great  acceleration  of  the 
blood-stream.  After  a  time,  however,  the  velocity  commences  to 
diminish  in  the  dilated  vessels,  and  is  converted  into  a  pronounced 
retardation  of  the  entire  circulation  through  the  tongue.  With 
the  retardation  there  is  simultaneously  developed  the  peripheral 
arrangement  of  the  colourless  blood-corpuscles  in  the  veins,  and 
the  accumulation  of  blood-corpuscles  in  the  capillaries,  which  is 
so  extreme  as  to  result  in  the  actual  stagnation  of  the  red  cells 
in  such  of  the  latter  as  are  superficially  situated.  And  now  it 
will  not  be  long  before  extravasation  from  some  of  the  capillaries 
and  veins  begins.  As  might  be  expected,  the  veins  supply  only 
colourless  corpuscles ;  the  capillaries,  whose  blood  is  becoming 
stagnant,  almost  exclusively  red,  while  from  those  capillaries  in 
which  the  flow,  though  retarded,  is  still  sustained,  coloured  and 
uncoloured  cells  pass  out  together,  at  one  point  more  colourless, 
at  another  more  red,  and  these  may  even  collect  into  small  clumps 
outside  the  vessels.  At  the  same  time  the  sweUing  of  the  tongue 
increases,  it  becomes  intensely  reddened ;  a  number  of  small 
punctiform  haemorrhages  are  already  apparent  even  to  the  naked 
eye,  while  microscopic  examination  reveals  a  no  less  dense 
accumulation  of  colourless  corpuscles  throughout  its  tissues. 

'The  development  of  this  process  is  still  more  evident  and 
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more  easily  observable  when  only  a  portion  of  the  tongue  and 
not  the  entire  organ  is  corroded.  The  action  of  the  caustic  shades 
off  and  becomes  gradually  feebler  towards  the  periphery,  so  that, 
by  passing  from  the  circumference  to  the  centre  of  the  injured 
part,  one  has  an  opportunity  of  examining  side  by  side  the  whole 
of  the  processes  which  otherwise  are  observed  to  develop  in  suc- 
cession. On  microscopic  examination  of  the  frog's  tongue,  a 
circumscribed  portion  of  which  has  been  touched  with  nitrate  of 
silver  or  other  caustic  on  the  previous  day,  you  will  find  the 
vicinity  of  the  part  to  which  the  caustic  has  been  apphed  swollen, 
and  presenting  a  number  of  almost  concentric  zones.  At  the 
periphery  you  come  upon  a  perfectly  normal  circulation,  then 
upon  a  zone  of  dilated  vessels,  in  which  the  flow  is  retarded,  but 
whose  contour  is  smooth  ;  next  upon  another  zone  of  dilated 
vessels  from  which  abundant  extravasation  is  taking  place — an 
extravasation,  as  invariably  happens,  of  colourless  blood-corpuscles 
from  the  capillaries  and  veins,  and  of  red  cells  from  the  capillaries. 
Then  follows  still  another  zone  in  which  the  flow  is  excessively 
retarded  and  the  capillaries  densely  packed  with  red  corpuscles 
almost  at  rest :  it  is  here  that  you  meet  with  the  most  copious 
diapedesis  of  red  corpuscles.  To  this  succeeds,  further  inwards, 
and  immediately  surrounding  the  eschar,  a  zone  of  absolute  stasis, 
in  which  the  blood-vessels  are  mortified  and  their  blood  coagu- 
lated, and  as  a  result,  of  course,  all  extravasation  is  here  at  an 
end.  The  last,  the  central  point  of  the  entire  series,  is  obviously 
the  eschar.' 

We  may  then  say  that  the  -  changes  seen  in  the  tissues 
when  they  have  been  exposed  to  the  action  of  an  irritant  are  : 

I.  Dilatation  of  vessels  accompanied  by  acceleration  of  blood-flow ; 

II.  Dilatation  of  vessels  accompanied  by  retardation  of  blood- 
flow  ;  III.  Exudation ;  IV.  Migration  of  leucocytes  and  dia.pedesis 
of  red  blood-corpuscles,  though  the  latter  is  not  invariable. 
These  must  be  considered  a  little  more  in  detail,  but  since  the 
changes  in  the  blood-vessels  and  in  the  flow  of  blood  and  the 
exudation  have  already  been  discussed  at  length  in  previous 
chapters,  they  will  call  for  fewer  remarks  than  migration  and 
certain  processes  connected  therewith. 

II.  The  Dilatation  of  Blood-vessels. — It  is  obvious  that  the 
dilatation  of  blood-vessels  which  occurs  in  inflammation  must  be 
directly  connected  with  the  cardinal  sign,  of  redness.  A  part 
which  is  inflamed  is  fuller  of  blood  than  it  is  when  normal.  That 
profuse  hfemorrhage  follows  when  an  incision  is  made  into  au 
inflamed  area  has  long  been  known  to  surgeons,  and  Cohnheim 
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showed  that  the  amount  of  blood  which  may  be  obtained  in  a 
given  time  from  a  vein  in  a  severely  inflamed  limb  of  a  dog  is 
about  double  that  obtained  from  the  corresponding  vein  in  the 
fellow  limb.  Nevertheless,  in  very  severe  cases,  and  especially 
after  the  inflammation  has  been  some  time  in  existence,  the 
Amount  of  blood  obtained  from  the  injured  limb  may  be  less  than 
that  obtained  from  the  sound  limb.  The  reason  of  this -lies,  in 
part,  in  the  fact  that  when  exudation  and  migration  are  very 
considerable,  and  when  in  addition  marked  extravasation  of  red 
blood-corpuscles  is  present,  the  extra-vascular  material  exerts  so 
great  a  pressure  upon  the  blood-vessels  which  it  surrounds,  that 
the  flow  of  blood  through  them  is  impeded.  The  blood  in  an 
inflamed  area  is  arterial  in  colom%  because  the  rapidity  with  which 
the  blood  is  renewed  in  the  neighbourhood  of  a  focus  of  inflam- 
mation does  not  allow  of  so  great  a  reduction  of  the  oxyhsemo- 
globin  as  normal ;  even  in  the  veins  the  blood  may  be  quite  red. 
But  this  is  not  always  the  case,  for  if  inflammation  occur  in  a 
part  which  is  the  seat  of  venous  congestion,  e.g.  in  the  formation 
of  a  so-called  varicose  ulcer,  the  parts  surrounding  the  ulcer  are 
commonly  purple  and  not  red. 

As  to  the  method  whereby  the  dilatation  of  the  arteries  is 
brought  about,  it  is  impossible  to  speak  with  certainty,  but  the 
fact  that  the  dilatation  is  accompanied  by  increased  outflow  of 
lymph  seems  to  indicate  that  we  have  to  deal  with  an  active 
hypersemia.  It  is  certain  that  the  condition  is  not  due  simply  to 
vaso-motor  paralysis,  for  when  inflammation  occurs  in  a  part  the 
vaso-motor  nerves  of  which  are  cut,  the  blood-vessels  undergo  a 
further  dilatation.  Possibly  the  irritant  may  act  in  an  inhibitory 
manner  on  the  local  mechanism  in  the  walls  of  the  smaller 
arteries.  Nothing  is  known  as  to  the  part  played  by  the  veins 
and  the  capillaries  in  reference  to  the  hypertemia.  They  are 
fuller  of  blood  than  normal,  and  the  flow  through  them  is  in- 
-creased  in  rapidity — at  all  events  at  first.  No  doubt  this  is  due 
to  passive  distension  succeeding  on  the  arterial  dilatation,  but 
whether  the  arterial  dilatation  is  the  sole  cause,  or  whether  it  is 
•aided  by  an  active  dilatation  of  the  capillaries  and  of  the  veins,  it 
is  impossible  to  say. 

In  the  later  stages  of  the  dilatation,  when  acceleration  of  the 
stream  gives  place  to  retardation,  the  matter  is  difi'erent,  for  then 
it  can  be  recognised  that  some  alteration  has  taken  place — physical 
or  vital — in  the  walls  of  the  capillaries  or  veins.  This  change, 
liowever,  is  of  a  nature  which  we  cannot  recognise  by  any  micro- 
Bcopical  changes  in  the  endothelial  cells  short  of  actual  rupture; 
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it  is  indicated  by  the  increased  flow  of  concentrated  lymph,  and  by 
the  migration  of  leucocytes  and  diapedesis  of  red  blood -corpuscles 
which  are  found  to  take  .place.  These  changes  are  very  important, 
indeed  Cohnheim  regarded  them  as  being  the  essential  feature  of 
inflammation.  He  considered  that  the  retardation  of  blood-flow 
which  occurs  after  the  lapse  of  a  certain  time  in  the  immediate 
neighbourhood  of  a  focus  of  inflammation  is  certainly  due  to 
change  in  the  vessel  wall,  and  not  to  any  change  in  the  constitu- 
tion of  the  blood.  For  if  milk  be  substituted  for  blood  as  the 
circulating  fluid,  the  phenomena  are,  mutatis  mutandis,  exactly 
the  same,  and  the  passage  of  fat  globules  is  impeded  in  the  vessels 
at  the  seat  of  inflammation  no  less  than  was  previously  the  pas- 
sage of  corpuscles.  According  to  Cohnheim,  the  blood-vessel  wall 
becomes  altered  in  that  it  becomes  more  adhesive  than  normal. 

It  is,  at  least,  possible  that  a  change  in  the  vessel  wall  is  the 
distal  and  not  the  proximate  cause  of  retardation.  It  would  seem 
that  the  margination  of  the  leucocytes  by  narrowing  the  lumen  of 
the  vessels,  and  that  the  exuded  fluid  by  the  pressure  which  it 
exerts  outside  the  vessels,  and  by  the  greatly  increased  local 
specific  gravity  of  the  blood  which  exudation  produces  within  the 
vessel  walls,  are  factors  that  must  oppose  an  obstacle  to  the  blood- 
flow.  And  this  without  bringing  into  the  question  the  pressure 
that  must  be  exerted  by  the  numbers  of  migrated  leucocytes.  It 
hardly  seems  necessary  to  presuppose  an  increased  adhesiveness 
of  the  vessel  wall.  It  is  obvious,  too,  that  a  substitution  of  milk 
for  blood  does  not  finally  dispose  of  the  question.  For  if  the 
blood-vessel  walls  are  in  a  condition  in  which  they  put  forth  more 
lymph  than  normal  from  blood,  there  is  no  inherent  reason  why 
they  should  not  put  forth  whey  from  the  milk  which  is  within 
them.  Further,  even  if  it  be  granted  that  the  vessel  walls  are 
more  adhesive  than  normal,  there  is  no  doubt  that  this  is  not 
directly  due  to  the  action  of  the  irritant.  Some  time  elapses 
before  retardation  of  the  blood-flow  sets  in,  and  it  might  rather 
be  assumed  that  the  direct  action  of  the  irritant  showed  itself  in 
the  arterial  dilatation  with  acceleration  of  blood-flow.  As  a  matter 
of  fact,  however,  even  this  conclusion  would  be  incorrect,  since,  if 
great  care  be  taken,  it  can  be  seen  that  the  direct  action  of  the 
irritant  upon  the  vessel  walls  shows  itself  in  a  passing  constric- 
tion, during  which,  of  course,  the  blood-flow  is  diminished  in 
quantity  and  in  velocity. 

III.  The  Exudation. — We  have  already  entered  at  length  into 
the  pathology  of  oedema,  and  have  found  that  inflammatory  osclema 
must  be  regarded  as  dependent  upon  an  increased  need  of  the 
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tissues  for  nutrition.  Inflammatory  exudation  from  the  blood- 
vessels will  therefore  detain  us  no  longer  from  that  aspect,  but  it 
is  necessary  to  point  out  that  the  amount  of  exudation  is  to  a 
large  extent  dependent  upon  the  mechanical  conditions  obtaining 
in  the  part  that  is  the  seat  of  inflammation.  The  amount  of 
hyperaemia  being  also  dependent  upon  the  same  conditions,  they 
may  be  considered  together. 

(i)  The  Effect  of  Mechanical  Conditions  Exemplified  by 
Inflammation  of  (a)  Bone. — When  a  bone  becomes  inflamed  the 
available  space  in  the  Haversian  canals  v^hich  contain  the  blood- 
vessels is  so  small,  and  the  walls  of  the  canals  are  so  rigid,  that 
neither  dilatation  of  blood-vessels  nor  exudation  of  fluid  can  take 
place  to  any  extent.  The  bone  shows  no  swelling,  and  redness, 
if  present,  is  very  slight.  Of  course  this  is  not  the  case  when  the 
periosteum  itself  is  inflamed.  Then  considerable  swelling  and 
redness  may  be  present,  but  these  two  cardinal  signs  involve  the 
periosteum  and  not  the  bone  proper.  Apart  from  periosteal 
changes,  it  would  be  almost  impossible  to  determine  whether  a 
bone  is  inflamed  or  not.  Nevertheless,  there  is  an  increased  out- 
put of  fluid  from  the  blood-vessels  in  the  Haversian  canals,  and 
the  pressure  which  this  fluid  exerts  is  the  chief  cause  of  the  great 
pain  associated  with  inflammation  of  bone.  Moreover,  the  exuda- 
tion may  act  in  another  way  besides  causing  pain  ;  by  the  obstacle 
which  it  presents  to  the  blood-flow  the  circulation  in  the  bone 
may  be  cut  off  to  such  an  extent  that  a  portion  of  the  bone  dies 
from  lack  of  nutrition.  Such  a  termination  of  inflammation  of 
bone  is  by  no  means  uncommon. 

{h)  Lung. — In  the  case  of  the  lung,  on  the  other  hand,  the 
conditions  are  as  nearly  as  possible  the  exact  converse.  Here 
practically  no  impediment  is  placed  in  the  way  of  exudation.  The 
pneumonic  inflammation  caused  by  Frankel's  pneumococcus  leads 
to  so  excessive  an  amount  of  coagulative  exudation  that  a  whole 
lobe,  or  even  a  whole  lung,  rapidly  becomes  converted  into  a 
solid  mass,  so  dense  that  the  condition  is,  not  inappropriately, 
termed  '  hepatisation.'  But  the  exudation  exerts  little  or  no 
pressure  upon  the  blood-vessels  of  the  lungs,  and  hence  the  lung 
in  this  condition  is  intensely  congested.  As  a  further  result  of 
the  same  relative  absence  of  pressure,  gangrene  of  the  lung  fol- 
lowing on  a  simple  pneumonia  is  of  extremely  rare  occurrence. 
Nevertheless,  in  persons  whose  vitality  is  greatly  lowered,  as  for 
example  in  chronic  drunkards,  even  the  small  increase  of  pressure 
exerted  by  the  pneumonic  exudation  is  sufficient  to  produce  gan- 
grene of  the  lung.  ' 
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(c)  Ha7id. — The  hand  is  an  example  of  a  part  where  both 
conditions  may  be  seen.  An  inflammation,  otherwise  of  the  same 
intensity,  occurring  in  the  dense  tissues  of  the  palmar  surface,  is 
accompanied  by  far  less  hypereemia  and  swelling,  far  more  pain, 
than  an  inflammation  on  the  dorsal  surface.  Other  examples  of 
similar  conditions  can  readily  be  called  to  mind. 

(ii)  Characters  of  Exudation  :  '  False  Membranes,'  Croupous 
and  Diphtheritic  Inflammation. — The  characters  of  inflammatory 
exudations  vary  considerably.  This  is  not  so  much,  however, 
because  the  exudation  fluid  itself  varies  greatly  in  composition, 
as  because  of  the  variation  in  the  number  and  kind  of  the  formed 
elements  which  are  suspended  in  the  fluid.  It  has  already  been 
said  (p.  195)  that  inflammatory  exudation  is  highly  albuminous 
and  that  it  therefore  has  a  high  specific  gravity.  It  is  commonly 
auto-coagulable,  and  this  no  doubt  depends  in  part  upon  the 
large  numbers  of  leucocytes  present.  When  it  does  not  coagulate, 
this  may  depend  upon  the  presence  of  some  substance  {e.g.  albu- 
mose)  which  restrains  coagulation,  or  may  depend  upon  the  fact 
that  after  coagulation  the  fibrin  has  become  dissolved  by  the 
action  of  some  proteolytic  ferment.  A  good  example  of  the  latter 
process  is  seen  in  the  resolution  of  croupous  pneumonia,  to  which 
reference  will  be  made  later.  This  process  is  probably  of  common 
occurrence. 

When  an  exudation  coagulates  it  is  known  as  sero-fibrinous  or 
fibrinous.  A  fibrinous  exudation  from  blood-vessels  which  lie 
beneath  a  free  surface — especially  if  the  surface  be  a  mucous 
membrane — has  diff'erent  characters  in  difl'erent  cases.  In  one 
case  the  exudation  may  yield  a  membrane  such  as  was  described 
on  p.  231.  It  can  then  be  easily  stripped  off  the  tissue  on  which 
it  lies ;  it  removes  along  with  it  none  of  the  subjacent  mucous 
membrane,  excepting  perhaps  small  agglomerations  of  epithelial 
cells  ;  it  does  not,  therefore,  leave  a  bleeding  surface ;  it  shows 
little  or  no  tendency  to  re-formation  once  it  has  been  removed. 
In  another  case  the  membranous  appearance  of  the  fibrinous 
material  may  be  but  little  different,  and  yet  it  is  stripped  off  the 
mucous  surface  with  difficulty,  leaves  a  bleeding  surface  beneath, 
and  forms  again  after  removal  with  great  readiness.  Histological 
examination  shows  that  in  the  first  case  the  fluid  which  has 
exuded  from  the  subjacent  blood-vessels  has  reached  the  surface 
before  coagulation  has  set  in,  and  that  in  the  second'  case  coagula- 
tion has  taken  place  while  the  fluid  was  still  lying  between  the 
cells  and  connective  tissue  which  cover  the  inflamed  blood-vessels. 
In  accordance  with  the  observation  that  coagulation  of  a  coagulable 
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fluid  takes  place  more  readily  where  the  tissues  with  which  the 
fluid  is  in  contact  are  dead,  it  is  found  that  where  the  coagula- 
tion takes  place  between  the  cells  and  connective  tissue  fibres  of 
the  mucous  membrane,  these  cells  and  connective  tissue  fibres 
are  dead.  As  a  matter  of  fact  they  have  undergone  the  change,  to 
which  we  shall  have  to  return  later,  known  as  coagulative  necrosis.. 
These  differences  in  character  of  the  membranes  depend  entirely 
upon  the  degree  of  severity  with  which  the  irritant  that  causes 
inflammation  acts  upon  the  tissues.  "Where  the  strands  of  fibrin 
intersect  the  proper  elements  of  the  tissues,  the  irritant  has  been 
more  severe ;  where  the  strands  of  fibrin  are  superficial  it  has. 
been  less  severe.  In  both  varieties  of  membrane,  leucocytes  are 
enclosed  between  the  meshes  of  the  fibrin  network,  but  in  the 
interstitial  variety  the  leucocytes  are  more  numerous,  and  com- 
monly there  are  also  present  larger  or  smaller  numbers  of 
extravasated  red  blood-corpuscles. 

Now  in  the  neighbourhood  of  the  pharynx  and  larynx  two 
classes  of  case  were  formerly  recognised  in  which  inflammation 
was  accompanied  by  the  formation  of  a  membrane.  In  the  one — 
croup — the  membrane  was  siaperficial,  in  the  other — diphtheria — 
the  membrane  was  interstitial.  Hence  an  inflammation  which 
led  to  the  formation  of  a  superficial  membrane  was  termed 
'  croupous,'  that  which  led  to  the  formation  of  an  interstitial 
membrane  was  termed  '  diphtheritic'  The  membranes  them- 
selves were  known  as  '  false  membranes  '  or  '  pseudo-membranes.' 
At  a  time  when  the  existence  of  the  diphtheria  bacillus  was  not 
known,  these  differences  in  characters  of  the  membranes  were  of 
great  diagnostic  significance,  since  it  was  found  that  those  cases 
in  which  an  interstitial  '  false  membrane '  was  formed  generally 
ran  a  different  course,  and  (apart  from  treatment)  were  attended 
by  a  far  higher  mortality  than  those  in  which  a  superficial  '  false 
membrane '  was  formed.  At  the  present  time,  though  some 
attention  is  paid  to  the  characters  of  the  membrane,  it  is  known 
that  they  are  frequently  misleading,  and  in  the  diagnosis  of 
diphtheria,  subject  to  certain  precautions,  stress  is  laid  almost 
entirely  upon  the  presence  or  absence  of  the  specific  bacillus  of 
diphtheria. 

False  membranes  are  also  sometimes  found  on  the  mucous 
membrane  of  the  stomach,  intestines  &c.,  and  on  wounds.  In 
this  country  the  tendency  is  to  reserve  the  name  '  diphtheritic  " 
for  membranes  occurring  in  cases  of  true  diphtheria,  whether 
faucial,  laryngeal,  or  nasal,  or  for  membranes  in  other  situations 
m  which  diphtheria  bacilli  are  present ;  the'  term  '  croupous  '  is 
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rapidly  passing  into  desuetude.  But  on  the  Continent,  and 
particularly  in  Germany,  the  histological  features  of  the  mem- 
brane determine  the  use  of  the  words  '  diphtheritic  '  and  '  croup- 
ous '  with  the  disadvantage  that  a  wound  may  be  said  to  be 
covered  with  a  '  diphtheritic  membrane  '  when  it  has  no  associa- 
tion whatever  with  the  disease  caused  by  the  diphtheria  bacillus. 

Before  leaving  the  fibrinous  exudations  it  is  necessary  to  state 
that  the  explanation  given  above  as  to  the  mode  of  formation  of 
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Fig.  6. — Fibrinoid  Degeneration  in  Pleurisy,    x  300. 

Prom  a  section  of  an  inHamed  pleura  taken  parallel  to  the  free  surface  and 
stained  by  Weigert's  method  for  fibrin.  A  certain  number  of  filaments  of 
true  fibrin  are  visible  towards  the  left  of  the  figure,  but  these  are  swollen 
up  and  have  a  hyaline  appearance.  The  broader  bands  are  connective- 
tissue  fibres  of  tlie  deeper  layers  of  the  pleura  which  have  swollen  up 
enormously,  have  become  hyaline  or  granular  in  appearance,  and  stain  in 
the  same  way  as  the  fibrin  itself. 

superficial  or  '  false '  membranes  is  not  universally  accepted. 
For  example,  in  the  case  of  the  layer  of  fibrin  which  covers 
the  lung  in  acute  pleurisy,  Neumann,  following  Grawitz  and 
Schleiffarth,  maintains  that  it  is  formed  largely  by  a  '  fibrinoid ' 
degeneration  of  the  connective  tissue  lying  immediately  beneath 
the  endothelial'  cells  of  the  pleura.  He  points  out  that  if  the 
false  membrane  were  formed  by  a  deposition  of  fibrin  from  the 
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inflammatory  exudation  upon  the  uninjured  endothelium  of  the 
pleura,  as  is  usually  assumed  to  be  the  case,  two  conditions 
necessarily  follow.  Firstly,  the  endothelial  cells  should,  in  micro- 
scopic sections,  be  found  to  form  an  uninterrupted  layer  beneath 
the  fibrin  ;  secondly,  in  microscopic  section  the  under  surface  of 
the  layer  of  fibrin  should  form  a  regular  line  not  dipping  down 
into  the  lung  tissue.  With  regard  to  the  first  point,  Neumann 
maintains  that  microscopical  examination  of  the  surface  of  a 
false  membrane  shows  that  endothelial  cells  form  a  fairly  com- 
plete covering  for  the  false  membrane ;  in  other  words,  it  shows 
that  the  membrane  is  formed  benea,th  the  layer  of  endothelial 
cells  and  not  deposited  upon  it.^  With  regard  to  the  second 
point,  he  finds  that  sections  taken  at  right  angles  to  the  surface 
of  the  membrane  show  that  the  under  surface  of  the  membrane 
is  not  regular  but  highly  irregular.  He  therefore  rejects  the  view 
that  such  membranes  are  wholly  formed  by  deposition  of  fibrin 
from  the  inflammatory  exudation. 

Neumann's  observations  have  been  confirmed  by  several 
authors,  but  there  is  no  doubt  that  his  explanation  is  not  uni- 
versally true.  Nor  is  the  entirely  antagonistic  view  held  by 
Ziegler,  Orth,  Marchand,  and  others  justified.  Both  methods  of 
formation  of  false  membranes  occur,  but  the  conditions  under 
which  either  is  produced  vary  greatly  and  are  as  yet  unknown. 
Probably,  too,  the  appearances  vary  according  to  the  characters 
of  the  irritant,  and,  in  the  case  of  experiment,  according  to  the 
type  of  serous  membrane  under  examination.  The  histological 
appearances  of  the  normal  pleura  of  the  guinea-pig,  of  the  horse, 
and  of  man,  for  example,  are  widely  difi'erent,  and  the  results 
of  irritant  action  are  not,  and  should  not  be  expected  to  be, 
the  same. 

The  colour  of  inflammatory  exudations  varies  in  different 
cases.  In  an  inflammation  of  moderate  severity  the  fluid  is 
commonly  straw-coloured,  and  owing  to  the  poorness  in  cells  it 
is  clear  or  but  faintly  opalescent.  Where  the  severity  is  greater, 
the  number  of  migrated  leucocytes  is  commonly  sufficient  to 
cause  the  fluid  to  become  definitely  turbid,  or  to  constitute  pus. 
Moreover  the  character  of  the  leucocytes  in  a  pleural  effusion,  for 
example,  even  though  they  are  present  only  in  small  numbers,  is 
often  of  diagnostic  importance.  Thus,  in  tuberculous  pleural 
effusions,  lymphocytes  are  usually  far  more  numerous  than  any 

'  This  cannot  be  recognised  if,  as  is  usual,  sections  arc  cut  perpendicular  to  the 
surface  of  the  false  membrane,  since  the  endothelial  cells  do  not  form  a  perfect  layer 
over  the  false  membrane  (Neumann). 
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other  variety  of  leucocytes.  When  the  inflammation  leads  to 
more  than  a  minimal  diapedesis  of  red  blood-corpuscles,  the  exuda- 
tion, of  course,  takes  a  more  or  less  red  colour  according  to  the 
number  of  red  corpuscles  present.  In  the  same  way,  when,  in 
jaundice,  bile  pigments  are  circulating  in  the  blood,  the  inflamma- 
tory exudation,  like  non-inflammatory  exudations,  is  of  a  greenish' 
hue.  When  any  abnormal  soluble  substance,  such  as  a  urate  of 
soda  in  patients  suffering  from  gout,  is  circulating  in  the  blood, 
it  is  also  found  in  inflammatory  exudations.  Crystals  of  bi-urate 
of  soda  are  frequently  obtained  by  passing  a  thread  through  a 
blister  raised  for  the  purpose  on  a  gouty  person  :  this  procedure, 
however,  is  not  always  devoid  of  risk  for  the  patient.  • 

(iii)  Meaning-  of  the  Exudation  for  the  Economy.— Though 
the  exuded  fluid  in  inflammation,  as  we  have  already  seen,  must 
be  regarded  as  primarily  directed  to  the  supply  of  nutriment  to 
the  devitalised  tissues,  it  is  also  of  use  in  diluting  any  poison, 
bacterial  or  non-bacterial,  that  may  be  present  at  the  seat  of 
inflammation,  and,  as  in  the  case  of  pericarditis,  in  separating 
two  mutually  irritating  surfaces  from  one  another.  The  exuda- 
tion is  further  in  a  large  number  of  cases  beneficial  to  the 
economy  in  that  it  frequently  possesses  marked  bactericidal 
properties ;  to  these  reference  will  be  made  later. 

But  it  is  not  to  be  expected  that  no  disadvantages  should  arise 
from  the  outpouring  of  excessive  amounts  of  fluid.  It  has 
already  been  mentioned  that  the  pain  of  inflammation  may  be 
aggravated  by  exudation  in  some  cases,  just  as  in  others  it  may 
be  relieved,  and  that  the  exudation  may  be  the  ultimate  cause  of 
gangrene  or  necrosis  of  the  inflamed  part.  But  beyond  these 
considerations,  the  exudations  generally,  non-inflammatory  as 
well  as  inflammatory,  are  sources  of  danger  to  the  economy  m 
two  ways.  Firstly,  the  distension  of  the  tissues  in  which  the 
exuded  fluid  is  situated,  of  itself  lowers  their  already  diminished 
vitality,  and  renders  them  more  prone  to  succumb  to  small 
injuries.  Thus  the  prick  of  a  needle,  which  in  a  healthy  hmb 
would  probably  be  followed  by  no  after-effects  of  consequence, 
if  made  into  the  oedematous  subcutaneous  tissue  of  a  patient 
suffering  from  acute  renal  disease,  is  very  liable  to  be  followed 
by  a  severe  and  spreading  inflammation  of  the  skin  and  sub- 
cutaneous tissue.  Secondly,  the  exuded  fluid  is  often  an 
extremely  good  culture-medium  for  many  kinds  of  micro- 
organism. After  laparotomy,  for  example,  the  exudation  poured 
out  into  the  abdominal  cavity  as  the  result  of  the  operation  is  a 
medium  in  which  pathogenetic  micro-organisms  readily  grow, 
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•should  any  have  been  introduced  owing  to  deficient  asepsis. 
The  motive  of  exudation  is  the  benefit  of  the  tissues,  but  benefit 
to  the  tissues  is  not  always  the  result  of  exudation. 

IV.  The  Cellular  Elements  of  the  Blood  in  a  Reg-ion  of 
Inflammation.— (i)  The  Red  Blood-corpuscles.— The  red  blood- 
corpuscles  do  not  call  for  great  remark.  They  are  apparently 
passive  agents  throughout.  They  are  squeezed  through  the 
altered  vessel  wall  by  the  pressure  of  the  blood.  Probably  they 
pass  through  definite  holes  in  the  vessel  wall,  but  whether  these 
are  stomata  or  not,  it  is  impossible  to  say.  They  remain 
locahsed  at  the  spot  where  they  have  been  extruded,  excepting 
so  far  as  they  arc  carried  away  by  the  stream  of  exudation. 
They  undergo  no  other  changes  than  degenerative,  and,  as  far  as 
IS  known,  they  subserve  no  purpose.  Their  extravasation  is 
perhaps  the  greatest  argument  for  the  view  that  in  inflammation 
the  blood-vessel  walls  are  damaged,  but  it  is  not  conclusive,  as  it 
is  very  common  to  find  a  large  number  of  red  blood-corpuscles  in 
normal  lymph. 

(ii)  The  Colourless  Corpuscles.— But  the  case  is  different 
with  the  colourless  corpuscles.  They  leave  the  blood-vessels, 
especially  the  small  veins  and  capillaries,  as  do  the  red  blood- 
corpuscles,  but  it  is  doubtful  whether  their  migration  is  active  or 
passive.  When  they  have  left  the  blood-vessels  they  do  not 
remain  localised  at  one  spot,  but  wander  to  distant  parts, 
travelling  by  their  own  amoeboid  movements,  and  being  carried 
by  the  stream  of  exudation.  They  undergo  changes,  many  of 
which  are  not  degenerative. 

(A)  Conditions  necessary  for  Mig-ration  of  Colourless  Blood- 
corpuscles.— (a)  Vascula?-  GGOiditions.—Foy:  the  migration  of 
-leucocytes  two  conditions  at  least  are  necessary  :  (1)  a  circulation 
of  blood  must  still  be  going  on  through  the  blood-vessel  from 
which  emigration  is  taking  place  ;  (2)  the  leucocytes  must  be  in 
■contact  with  the  vessel  wall. 

With  regard  to  the  first  condition,  Cohnheim  showed  that 
migration  of  leucocytes  ceases  when  the  circulation  through  the 
vessel  which  is  the  seat  of  migration  is  stopped.  In  consequence 
ot  this  observation  he  discarded  the  older  view  that  migration 
IS  active,  and,  adopting  the  view  put  forward  by  Hering,  argued 
tnat  leucocytes  are  passively  extruded  from  the  vessels  owing  to 
the  blood-pressure  behind  them.  This  view,  however,  was  not 
universally  accepted,  and  even  at  the  present  time  it  is  held  by 
some  authors  that  leucocytes  leave  the  blood-vessels  by  virtue  of 
their  own  amoeboid  movements,  though  it  is  allowed  that  a 
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circulation  through  the  vessel  is  also  necessary.  However,  the  view 
is  gaining  ground  that  the  leucocytes  are  largely  passive  agents, 
and  that  their  migration  is  induced  by  chemiotaxis.  Whether 
they  pass  through  stomata,  or  through  endothelial  cells,  or 
through  the  cement  substance  lying  between  the  endothelial 
cells,  is  a  matter  of  doubt. 

With  regard  to  the  second  condition,  following  Cohnheim, 
most  authors  regard  the  adhesion  of  leucocytes  to  the  vessel 
wall  in  inflammation  as  evidence  of  a  modification  of  the  wall 
whereby  it  becomes  more  adhesive.    But  apart  from  the  facts 
that  retardation  of  the  blood-flow  necessarily  leads  to  the  accu- 
mulation of  a  greater  number  of  the  specifically  lighter  colour- 
less blood-corpuscles  in  the  plasmatic  layer  ;  that  the  movement 
of  fluid  in  the  plasmatic  layer  is  slower  than  elsewhere  in  the 
blood-stream,  and  therefore  that  when  leucocytes  have  reached 
the  plasmatic  layer,  their  tendency  to  move  forwards  is  greatly 
diminished  ;  and  that  contact  with  the  vessel  wall  calls  forth  the 
property  of  living  protoplasm  known  as  '  tactile  sensibility,'  facts 
which  in  themselves  are  sufficient  explanation  of  the  margiuation 
of  leucocytes,  there  is  reason  to  believe  that  the  behaviour  of  the 
leucocytes  depends  as  much  (if  not  more)  upon  changes  induced 
in  the  leucocytes  themselves  as  upon  changes  induced  in  the 
blood-vessel  wall.     Durham  has  shown   that  under  certain 
conditions  the  leucocytes  in  the  peritoneal  fluid  tend  to  agglome- 
rate into  balls  or  to  adhere  closely  to  the  omentum.    He  regards 
these  facts  as  evidence  of  an  increased  '  stickiness  '  of  the  leuco- 
cytes.   But  whether  this  is  the  case  or  not,  and  our  knowledge 
of  the  existence  of  agglutinins  renders  it  a  priori  probable,  there 
is  evidence  that  the  movements  of  leucocytes  are  influenced  by 
the  presence  of  chemical  substances  in  their  neighbourhood. 
This  evidence  must  now  be  considered. 

(b)  Chemiotaxis. — It  was  noticed  by  Engelmann,  when  in- 
vestigating oxygen  excretion  by  lower  vegetable  organisms,  that 
various  motile  bacteria  can  be  used  as  a  test  for  oxygen,  in  that, 
when  the  organism  under  investigation  excretes  a  bubble  of 
oxygen  in  the  fluid  in  which  it  is  suspended,  the  bacteria  also 
present  in  that  fluid  rapidly  move  towards  the  bubble.  This 
formed  the  basis  of  a  series  of  observations,  made  at  first  only 
by  botanists,  on  the  attractions  between  motile  organisms  and 
various  chemical  substances.  It  was  shown  by  de  Bary  that 
vegetable  plasmodia  placed  on  a  surface  where  there  is  little  or 
no  nutritive  material  move  towards  nutrient  material  if  that  be 
placed  on  the  surface  at  a  little  distance  from  the  plasmodiuui, 
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Pfeifer  and  others  investigated  the  subject  still  further,  and  it 
was  found  after  examination  of  many  chemical  substances  that 
the  phenomena  may  be  divided  into  three  classes  :  (1)  a  class  in 
which  no  movement  of  the  plasmodium  or  other  vegetable 
organism  takes  place ;  (2)  a  class  in  which  the  plasmodium 
moves  towards  the  chemical  substance  ;  (3)  a  class  in  which  the 
Plasmodium  recedes  from  the  chemical  substance.  The  first  class 
does  not  interest  us  ;  to  the  phenomena  of  the  second  class 
Pfeffer  gave  the  name  '  positive  chemiotaxis  ; '  to  the  phenomena 
of  the  third  class  he  gave  the  name  '  negative  chemiotaxis.' 

The  matter  was  then  taken  up  by  bacteriologists,  and  among 
others  by  Gabritchewsky.  Gabritchewsky  saw  that  in  chemio- 
taxis might  lie  the  reason  why  in  inflammation  there  is  an 
agglomeration  of  leucocytes  at  the  focus  of  irritation — or  rather, 
taking  a  broader  view,  he  regarded  his  work  on  chemiotaxis  as 
filling  a  gap  in  Metchnikoff's  phagocytic  theory  of  inflammation 
and  immunity.  He  made  a  series  of  observations,  by  which  he 
showed  that  ten  per  cent,  solutions  of  sodium  and  potassium 
salts,  that  lactic  acid,  quinine,  alcohol,  chloroform  &c.  are 
negatively  chemiotactic  to  leucocytes  ;  that  sterilised  and  non- 
sterilised  cultures  of  various  pathogenetic  and  non-patho- 
genetic  micro-organisms  are  positively  chemiotactic  to  leuco- 
cytes. Buchner  advanced  the  matter  in  that  he  showed  that 
the  positively  chemiotactic  properties  of  various  bacteria  lie  in 
proteid  substances  that  can  be  separated  from  the  bacteria. 
Goldscheider  and  Jacob  made  carbol-glycerine  extracts  of 
certain  animal  organs  and  found  that  they  also  are  positively 
chemiotactic.  Their  work  was  confirmed  and  extended  by 
Bloch. 

Numerous  experiments  have  been  made  to  solve  the  intimate 
nature  of  chemiotaxis.  Apparently  the  chemical  substance 
must  be  to  a  certain  exteiit  soluble,  though  that  solubility  need 
not  be  great,  since  positive  chemiotaxis  occurs  when  particles  of 
sterile  metallic  copper  are  placed  in  the  anterior  chamber  of  the 
eye.  Hornowski  produced  a  phenomenon  simflar  to  positive 
chemiotaxis  with  emulsions  outside  the  body.  Thus  when 
capillary  tubes  filled  with  various  substances  were  placed  in  milk 
or  in  an  emulsion  of  oil,  a  plug  of  the  emulsion  appeared  within 
an  hour  at  the  open  end  of  the  capillary  tube.  A  suspension  of 
carmine  particles,  however,  was  ineffective.  Dale,  working  with 
ciliate  infusoria,  found  that  in  physiological  saline  solution  they 
show  chemiotactic  reactions  to  acids  and  alkalies  which  are  to  a 
great  extent  parallel  to  the  galvanotactic  response  to  a  constant 
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current,  attraction  to  acid  being  coincident  with  attraction  to  the 
anode,  attraction  to  alkali  with  that  to  the  cathode.  JJ^on  the 
whole  the  tendency  is  to  regard  the  phenomenon  as  being  defi- 
nitely chemical,  and  at  the  same  time  largely  of  a  physical, 
probably  an  electrical  character.  How  far  this  view  is  to  be 
modified  when  one  factor  of  the  phenomenon  is  living,  it  is  at 
present  impossible  to  say,  though  Dale's  experiments  would  seem 
to  indicate  that  this  is  practically  without  influence. 

Not  a  few  observers  who  accept  the  existence  of  positive 
chemiotaxis  in  pathology  find  it  difficult  to  accept  the  doctrine  of 
negative  chemiotaxis.  They  admit  that  chemical  substances 
may  definitely  paralyse  the  'leucocytes,  and  therefore  that  posi- 
tive chemiotaxis  may  be  absent,  but  that  an  actual  repulsion 
of  leucocytes  can  take  place  they  regard  as  not  conclusively 
proved.  The  mere  fact  that  leucocytes  are  not  found  in  a 
capillary  tube  which  has  been  filled  with  some  chemical  sub- 
stance and  inserted  beneath  the  skin  of  an  animal  or  into  its 
abdominal  cavity,  does  not  even  prove  that  leucocytes  never 
entered  the  tube,  for  they  might  have  entered  and  have  been 
there  dissolved ;  much  less  does  such  an  experiment  prove  that 
leucocytes  receded  from  the  capillary  tube. 

It  is  now  generally  believed  that  the  presence  of  leucocytes  at 
the  seat  of  an  inflammation  depends  upon  positive  chemiotaxis. 
When  it  is  borne  in  mind  that  bacteria  are  perhaps  the  com- 
monest cause  of  inflammation,  and  that  in  every  inflammation, 
bacterial  and  non-bacterial,  there  are  present  at  the  focus  of 
'inflammation  greater  or  less  amounts  of  the  products  of  tissue 
disorganisation,  it  is  clear  that  an  ample  supply  of  chemical 
substances  capable  of  inducing  chemiotaxis  must  be  constantly  at 
hand. 

The  leucocytes  which  leave  the  blood-vessels  in  inflammation 
are  principally  of  the  finely  granular  oxyphil  type,  but  some  of 
the  other  varieties  of  haemal  wandering  cell  migrate  also.  After 
leaving  the  vessel  they  all  travel  rapidly  towards  the  seat  of 
irritation  and  are  joined  on  their  way  by  wandering  cells  derived 
from  the  tissues.  Though  there  is  no  reason  to  believe  that 
multiplication  of  the  hffimal  wandering  cells  takes  place  after 
they  have  left  the  blood-vessels,  it  is  almost  certain  that  such  a 
prohferation  of  some  of  the  wandering  cells  derived  from  the 
tissues  actually  does  occur  at  or  near  a  focus  of  inflammation. 

The  kind  of  wandering  cell  that  predominates  at  the  focus  of 
inflammation  depends  upon  a  number  of  circumstances  concern- 
ing which  but  little  is  known.    The  chief  of  these  seem  to  be  as 
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follows :  (1)  the  nature  of  the  irritant ;  (2)  the  seat  of  the 
irritant ;  (3)  the  length  of  time  during  which  inflammation  has 
been  in  existence  ;  (4)  the  species  of  animal  used  for  experiment. 
Speaking  generally,  it  may  be  said  that  the  cells  which  are 
earliest  found  at  the  seat  of  irritation  are  oxyphil,  and  sometimes 
they  are  of  the  coarsely  granular  type,  sometimes  of  the  finely 
granular  type.  Hyahne  cells  appear  at  the  focus  of  inflamma- 
tion later,  but  if  the  irritant  be  very  mild,  they  may  be 
practically  the  only  cell  present  at  any  time.  Kanthack  and 
Hardy  held  that  the  predominance  of  finely  or  of  coarsely 
granular  oxyphil  cells  depends  essentially  upon  whether  the 
blood-vessels  are  largely  involved  in  the  inflammatory  process  or 
not.    Thus  they  found  that  when  a  cutaneous  blister  is  raised 

.  by  means  of  blistering  fluid  (man),  the  cells  in  the  exudation  are 
mainly  of  the  finely  granular  or  hgemal  oxyphil  type,  whereas 
when  the  peritoneum  is  the  seat  of  irritation,  produced,  for 
example,  by  injection  of  a  living  culture  of  anthrax  bacilli  (rat), 
the  cells  present  in  the  peritoneal  exudation  are  mainly  of  the 
coarsely  granular  or  coelomic  oxyphil  type.  In  the  frog  also  they 
found  that  injection  of  a  living  culture  of  anthrax  bacilli  into  the 
dorsal  lymph-sac  is  rapidly  followed  by  a  great  increase  in  the 

■  number  of  coarsely  gi-anular  oxyphil  cells  in  the  lymph.  As 
the  result  of  injecting  various  kinds  of  micro-organism  into 
the  peritoneal  cavity  of  guinea-pigs,  Durham  found  that  the 
newly  arrived  cells  in  the  peritoneal  fluid  that  were  first  noticed 
were  finely  granular  oxyphil  cells  and  hyaline  cells  (macrophages)  - 
of  various  kinds.  It  is  almost  certain  that  the  difl'erent  results 
obtained  by  Kanthack  and  Hardy  and  Durham  depend  upon  the 
different  conditions  under  which  these  observers  worked.  Though 
little  is  known  concerning  the  parts  played  by  difl'erent  varieties 
of  wandering  cell,  there  is  no  doubt  that  a  hard  and  fast  line 
cannot  be  laid  down  at  present.  In  particular  it  is  uncertain 
how  far  one  variety  of  wandering  cell  in  one  animal  may 
discharge  functions  carried  out  by  another  variety  of  wandering 
cell  in  another  animal. 

In  man  one  of  the  chief  factors  that  seem  to  determine  the 
character  of  the  cells  at  a  focus  of  inflammation  is  its  acuteness 
or  its  chronicity,  or,  what  is  almost  the  same  thing,  its  severity  or 
its  mildness.  When  the  condition  is  acute,  and  particularly  if 
suppuration  is  imminent,  finely  granular  oxyphil  cells  pre- 
ponderate enormously  ;  but  when  the  inflammation  is  slow  and 
quiet,  non-granular  cells  maybe  present  in  an  actual  majority. 
Even  in  the  latter  class  of  case,  however,  the  finely  granular  cells 
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are  usually  to  be  found  in  considerable  numbers,  though  in  early 
uncomplicated  tuberculosis  (for  example)  they  are  practically 
absent. 

(B)  Phag'ocytosis. — Leaving  on  one  side  the  more  doubtful 
functions  of  wandering  cells  until  we  come  to  deal  with  the 
subject  of  immunity,  one  function  must  be  mentioned  here.  It 
was  known  long  before  varieties  of  wandering  cell  were  dis- 
tinguished that  leucocytes  have  the  power  of  englobing  particles. 

The  process  is  exactly  similar 
to  that  which  occurs  in  the 
case  of  Amoeba.  When  an 
amoeba  meets  with  a  solid 
particle  it  puts  forth  a  pseu- 
dopodium  and  gradually  en- 
closes the  mass.  If  the  par- 
ticle be  digestible,  the  amoeba 
forms  round  it  a  vacuole,  and 
in  this  vacuole  the  particle  is 
broken  up  and  digested.^  If, 
on  the  other  hand,  the  par- 
ticle is  non-digestible,  as  a 
rule,  no  vacuole  is  formed, 
but  after  a  longer  or  shorter 
sojourn  in  the  animal  .the 
particle  is  extruded  —  or, 
rather,  the  amoeba  flows 
away  from  the  particle  and 
leaves  it  behind. 

•  Le  Dantec,  working  upon  the 
subject  of  intra-cellular  cligestion, 
came  to  the  conclusions  that  there  is 
always  secretion  of  acid  into  the  va- 
cuoles which  amcebee  form  round  in- 
gested particles,  and  that  ingesta  of  all 
kinds  are  bathed  with  an  acid  fluid. 
Misses  Greenwood  and  Saunders,  from 
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Fia.  7. — Phagocytosis. 

Five  finely  granular  oxyphil  cells  containing 
numerous  typhoid  bacilli,  some  of  which 
are  in  vacuoles.  The  specimen  was  made 
by  mixing  a  drop  of  blood  with  an  emul- 
sion of  B.  tyiJhostts  in  normal  saline,  in- 
cubating for  fifteen  minutes  and  staining 
the  films  with  Leishmann's  stain.  In 
the  cell  to  the  right  hand  the  bacilli  are 
well  formed  and  stain  deeply,  but  in 
several  instances,  notably  in  the  cell  at 
the  bottom,  they  have  become  granular 
and  their  outline  indefinite.  These  ba- 
cilli show  a  great  difference  in  their  stain- 
ing reactions.  Whether  the  extreme 
irregularity  of  the  nuclei  is  an  indication 
of  intense  activity  of  the  cell  is  uncertain. 


experiments  on  various  protozoa,  con- 
firmed le  Dantec's  results,  and  in  addition  found  that  the  mere  outpouring  of  acid  is 
unaccompanied  by  any  digestive  change  on  nutritive  matter  ;  ingesta  may  be  stored 
for  many  hours  before  they  are  dissolved,  or  digestion  may  follow  rapidly  on  ingestion. 
Nevertheless  the  formation  of  a  digestive  vacuole  is  preceded  by  development  of  the  acid 
reaction  and  is  followed  by  its  diminution.  Although  the  secretion  of  acid  is  excited 
by  all  ingesta,  the  true  digestive  vacuole  is  only  formed  under  the  stimulus  supplied 
by  nutritive  matter.  Mouton  isolated  a  variety  of  amoeba  from  which  he  obtained  a 
proteolytic  enzyme  resembling  trypsin.  It  has  not  yet  been  shown  that  these  resul  s 
may  be  directly  applied  to  the  leucocytes,  but  it  is  highly  probable  that,  in  the  main, 
they  are  true  of  leucocytes  also. 
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So  far  as  this  function  is  concerned,  leucocytes  are  exactly 
similar  to  amoebEe,  and  in  them  granules  of  glycogen,  fat 
globules,  carbon  particles  &c.  may  be  found  normally.  If 
carmine  or  indian-ink  be  injected  into  the  circuMion,  particles 
of  these  substances  are  taken  up  by  the  leucocytes  with  great 
avidity.  The  author  found,  twenty  minutes  after  injecting  50 
c.c.  of  a  thick  suspension  of  indian-ink  into  the  circulation  of 
a  dog  weighing  6  kilos.,,  that  very  few  carbon  particles  were 
recognisable  in  the  blood,  but  that,  in  the  spleen  particularly, 
the  leucocytes  were  deeply  pigmented.  And  it  may  generally 
be  said  that  leucocytes  have  the  power  of  en  globing  any  small 
and  innocuous  particles  with  which  they  come  into  contact.  If 
these  particles  can  be  digested  they  are  surrounded  hy  a  vacuole 
and  are  digested ;  if  they  cannot  be  digested,  they  are  held  within 
the  body  of  the  leucocyte  for  a  longer  or  shorter  time.  "When  the 
particles  presented  to  the  leucocytes  are  injurious,  as  for  example 
in  the  case  of  virulent  micro-organisms,  the  course  followed  by 
the  leucocytes  is,  perhaps,  different.  This,  however,  is  a  debated 
point,  and  is  bound  up  with  the  question  of  negative  chemiotaxis. 
Both  points  will  be  considered  later. 

To  this  property  of  leucocytes  Metchnikoff  gave  the  name 
'phagocytosis.' 

Whether  in  the  case  of  leucocytes  the  property  is  directed 
towards  nutrition  it  is  difficult  to  say.     There  seems  to  be  no 
selection  on  the  part  of  the  cell  as  to  whether  it  shall  take  up 
digestible  or  non-digestible  particles  when  both  are  presented  to 
it.     Kanthack  and  Hardy  give,  in  a  table  at  the  end  of  their 
paper  on  the  'Wandering  Cells  in  Mammalia,'  details  of  an 
experiment  in  which  bacilli  {B.  pyocyaneus)  and  indian-ink  were 
injected  into  a  rat.    Prom  that  table  it  is  seen  that  as  many 
phagocytes   attacked   the  bacilli  which   could  be  digested  as 
attacked  the  indian-ink  particles  which  could  not.    We  shall 
see  later  that  there  is  evidence  that  phagocytes  may  distingaish 
between  varieties  of  bacilli,  but  that  is   a  different  matter. 
Against  the  nutritional  view  is  the  further  fact  that  leucocytes 
are   suspended  in  a  nutritious   albuminous   fluid    (plasma  or 
lymph)  ;  one  would  expect  under  these  circumstances  that  the 
cells  should  take  up  their  nutriment  from  that  fluid  in  a  liquid 
form  rather  than  in  a  solid  form.    It  has  been  suggested  that 
the  phagocytic  function  is  rather  of  a  '  scavenging  '  kind,  and 
there  is  really  no  valid  argument  against  this  view,  excepting  the 
fact  that  in  allied  organisms  the  property  is  distinctly  nutritive. 
But  in  estimating  the  value  of  this  objection  the  difference  in 
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constitution  of  the  liquid  media  in  which  the  two  kinds  of  proto- 
plasmic cell  flourish  must  be  taken  into  account. 

All  kinds  of  wandering  cell  do  not  possess  this  property  of 
phagocytosis  to  the  same  degree.  The  finely  granular  oxyphil 
cell  and  the  hyaline  cell  (hsemal  and  coelomic)  are  intensely 
phagocytic.  Young  connective  tissue  cells  (fibroblasts)  and 
endothelial  cells  of  blood-vessels,  and,  perhaps,  of  lymphatics, 
show  marked  phagocytic  properties,  especially  when  they  are 
proliferating  rapidly.  Giant  cells  are  sometimes  phagocytic. 
Lymphocytes,  on  the  other  hand,  are  apparently  never  phago- 
cytic, and  it  is  probable  that  coarsely  granular  oxyphil  cells  are 
non-phagocytic  also.  Upon  this  latter  point,  however,  there  is 
some  difference  of  opinion. 

This  difference  of  opinion  is  bound  up  with  the  question  as 
to  the  nature  of  the  granules  in  these  cells.  By  the  greater 
number  of  authors  they  are  considered  to  be  '  paraplastic,'  that  is, 
formed  at  the  expense  of  the  cell-protoplasm,  and,  in  fact,  as  being 
of  the  nature  of  secretion  products.  It  will  be  seen  later  that 
upon  this  view  has  been  built  one  of  the  numerous  theories  of 
immunity,  but  it  is  only  necessary  here  to  remark  that  Metchni- 
koff  and  some  of  his  pupils  have  shown  that  an  appearance  some- 
what similar  to  that  of  a  coarsely  granular  oxyphil  cell  may  be 
produced  by  a  phagocyte  when  the  material  which  it  has  ingested 
has  broken  up  into  granules.  Metchnikoff,  in  the  case  of  V. 
cholerce  asiaticce,  Cantacazene,  in  the  case  of  V.  Metchnikovi, 
Mesnil,  in  the  case  of  B.  anthracis,  Bordet,  in  the  case  of  B.  coli, 
B.  typhosus,  staphylococci,  streptococci,  &c.,  described  a  change 
in  the  staining  reactions  of  micro-organisms  after  they  have  been 
taken  up  by  phagocytes.  At  first  the  micro-organisms  stain  only 
with  basic  dyes,  but  as  the  result  of  phagocytic  action  they  come 
at  last  to  refuse  basic  dyes,  and  to  take  up  acid  dj^'es  with  avidity.. 
If,  then,  the  phagocyte  be  filled  with  broken-down  particles  of 
bacteria,  and  these  particles  stain  readily  with  eosin,  an  appear- 
ance is  given  that  can  be  almost  indistinguishable  from  that 
yielded  by  a  coarsely  granular  oxyphil  cell.  These  observers, 
therefore,  -maintained  that  the  granules  of  the  coarsely  granular 
oxyphil  cell  are  not  paraplastic,  and  Mesnil  even  went  so  far  as  to 
suggest  that  coarsely  granular  oxyphil  cells  are  simply  phagocytes, 
replete  with  the  altered  debris  of  the  substances  which  they  have 
ingested.  Most  authors  at  the  present  day,  however,  deny  that- 
the  coarsely  granular  oxyphil  cell  has  phagocytic  powers,  at  least 
in  those  animals  in  which  it  is  sharply  defined  from  the  finely 
granular  oxyphil  cell. 
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V.  Tissue  Chang-es  in  a  Reg-ion  of  Inflammation. — Beside 
the  effects  which  an  irritant  produces  upon  blood-vessels,  the 
proper  elements  of  the  part  in  which  inflammation  is  taking  place 
also  undergo  changes.  It  is  evident  that  the  blood-vessels  cannot 
be  affected  alone,  though,  if  the  irritant  be  carried  to  the  part  in 
the  blood-stream,  it  is  possible  that  the  vessels  may  suffer  first 
and  to  the  greatest  extent.  The  effects  of  the  inflammation  upon 
the  tissue  elements  may  be  divided  into  two  classes :  (1)  the 
direct  effects  of  the  irritant ;  (2)  the  effects  produced  by  the 
exudation  and  migration  that  take  place  from  the  inflamed  blood- 
vessels. Both  classes  conjoin  to  produce  that  'impairment  of 
function '  which  is  the  fifth  cardinal  sign  of  inflammation. 

In  the  case  of  the  tissues  there  is  the  great  difficulty  that  one 
has  to  separate  the  changes  which  are  strictly  due  to  the  action 
of  the  irritant  and  to  the  pressure  of  the  exuded  fluid  and  cells, 
from  the  changes  which  are  strictly  due  to  the  increased  amount 
of  nutriment  which  that  exuded  fluid  brings  to  the  tissue  ele- 
ments. That  is  to  say,  in  the  tissue  elements  two  sets  of  changes 
are  to  be  observed,  the  one  degenerative  and  the  result  of  cell 
irritation,  the  other  proliferative  and  the  result  of  cell  stimulation. 
It  is  principally  over  this  part  of  the  subject  that  there  is  diver- 
gence of  opinion,  and  it  is  because  these  two  sets  of  processes  are 
going  on  at  the  same  time,  and  often,  apparently,  at  the  same 
place,  that  so  much  difficulty  has  been  felt  in  attempting  to  frame 
a  definition  of  inflammation,  and  the  definition  of  one  author  is 
not  accepted  by  another  author.  To  this  matter  we  shall  have  to 
return  when  endeavouring  to  form  a  conception  of  the  meaning 
of  inflammation,  but  it  must  be  stated  here  that  under  inflamma- 
tion the  degenerative  processes  of  the  tissue  elements  will  alone 
be  considered.  In  the  author's  opinion,  the  proliferative  changes 
are  no  part  of  inflammation,  but  are  a  part  of  repair.  And 
though  it  is  granted  that  degenerative  and  proliferative  changes 
are  in  all  but  a  few  cases  of  inflammation  closely  bound  up  with 
one  another,  just  as,  normally,  cellular  death  and  cellular  pro- 
liferation are  closely  bound  up  with  one  another,  yet  the  author- 
believes  that  proliferative  changes  are  only  brought  about  in 
mflammation  because  degenerative  changes  have  also  occurred  : 
an  inflammation  may  present  no  proliferative  changes,  but  it 
niust,  without  exception,  present  degenerative  changes. 

That  degenerative  changes  occur  in  inflammation  can  readily 
be  seen  on  examination  of  a  microscopic  section  of  any  part  in 
"which  inflammation  has  been  going  on.  Thus  if  a  section  of  the 
abdominal  wall  of  an  animal  which  has  succumbed  after  two  or 
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three  days  to  intra-peritoneal  injection  of  a  micro-organism  be 
examined,  it  will  bs  noticed  that  the  voluntary  muscle  has  to  a 
large  extent  lost  its  striation  and  has  become  cloudy  and  granular. 
This  change  is  invariable,  but  the  muscle  may  also  show  the 
presence  of  fat  globules  or  may  have  undergone  the  change 
known  as  Zenker's  or  vitreous  degeneration.  The  cohesion  of 
the  several  muscular  bundles  has  to  a  large  extent  become  dis- 
solved, and  instead  of  forming  a  compact  mass,  as  is  normally  the 
case,  the  bundles  separate  from  one  another  and  break  into  more 
or  less  irregular  masses.  This  is  due  to  the  change  undergone  by 
the  connective  tissue  throughout  the  part,  which  is  more  or  less 
oedematous,  has.  swelled  up  and  has  become  more  hyaline  or  more 
translucent,  or  in  parts  has  completely  disappeared.  Mutatis 
mutandis,  the  same  is  true  of  any  other  tissue. 

In  those  organs  where  the  essential  elements  of  the  part 
normally  bear  a  high  proportion  to  the  amount  of  connective 
tissue, present,  not  only  is  the  impairment  of  function  proportion- 
ately great,  but  also  the  characters  of  the  inflammation  are  of  a 
somewhat  pecuhar  type.  For  since  blood-vessels  other  than 
capillaries  are  only  found  in  connective  tissue,  the  vascular 
changes  in  organs  of  this  description  are  small  compared  with 
the  degenerative  changes  undergone  by  the  essential  elements  of 
the  part.  In  acute  hepatitis,  for  example,  vascular  changes  may 
be,  on  microscopic  examination  of  a  section,  quite  inconspicuous, 
while  degeneration  of  liver  cells  is  extensive,  and  even  macro- 
scopically  and  during  life  great  disorganisation  of  the  liver  may 
co-exist,  as  the  result  of  the  action  of  a  severe  irritant,  with  a 
comparativelj''  small  amount  of  congestion,  &c.  The  same  is 
true  in  the  brain  ;  indeed,  here  the  blood-vessels  bear  so  small  a 
proportion  to  the  amount  of  nerve-matter,  that  the  existence 
of  an  inflammation  of  the  brain-substance— as  apart  from  the 
meninges — has  been  denied  by  some  authors. 

Those  forms  of  inflammation  in  which  the  action  of  the 
irritant  is  principally  evident,  in  changes  in  the  essential  cells  of 
an  organ  are  sometimes  called  '  parenchymatous,'  in  contra- 
distinction to  the  '  interstitial '  forms  of  inflammation  in  which 
the  connective  tissue  of  the  part  is  affected  to  the  greatest 
extent.  The  distinction,  however,  is  a  bad  one,  for  in  every 
inflammation  both  essential  cells  and  connective  tissue  must  of 
necessity  be  involved  ;  and,  in  addition,  it  is  doubtful  whether  the 
so-calle^  cases  of  pure  '  interstitial  inflammation '  are  to  be  con- 
sidered as  examples  of  inflammation  at  all.  This  latter  point  will 
be  discussed  hereafter. 
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VI.  Causes  of  Variation  in  the  Type  of  Inflammation. — We 

must  conclude,  then,  that  in  every  inflammation  vascular  changes 
and  tissue  changes  occur,  "but  from  the  variability  of  these  changes 
the  characters  of  inflammation  may  vary  in  an  infinitude  of  ways. 
Some  of  these  have  already  been  mentioned,  but  variations  in  the 
type  of  inflammation  must  be  discussed  from  the  broader  aspect 
of  being  the  products  of  two  main  factors,  (1)  the  irritant,  and 
(2)  the  tissue  on  which  the  irritant  is  acting. 

(i)  The  Irritant. — Irritants  may  vary  in  nature  or  may  vary 
in  strength,  or  may  vary  both  in  nature  and  in  strength.  With 
regard  to  the  nature  of  irritants,  we  may  conveniently  distinguish 
living  irritants  from  non-living  irritants,  not  because  there  is  any 
essential  difference  in  the  immediate  processes  called  forth  in  the 
two  cases,  but  because,  speaking  broadly,  when  the  irritant  is 
hving,  the  wandering  cells  play  a  more  prominent  part  than  when 
the  irritant  is  non-living. 

{a)  Effect  of  the  Nature  of  Irritant  iqjon  Inflammation. — In 
the  vast  majority  of  cases  living  irritants  are  of  a  vegetable 
nature,  whether  bacillus,  micrococcus,  or  mould,  but  they  may  be 
animal,  such  as  the  intestinal  and  superficial  parasites  of  various 
kinds,  hydatids,  TricJdna  spiralis,  chigoe,  &c.^    The  non-livilig 
irritants  are  of  the  widest  variety.    In  one  case  it  may  be  an 
acid,  in  another  a  wound  ;  at  one  time  a  piece  of  metal,  at 
another  time  excessive  muscular  movement ;  at  one  time  it  may 
be  light,  at  another  time  heat  or  cold  ;  at  one  time  a  bacterial 
toxin,  at  another  time  the  poison  of  an  insect ;  and  so  on.  Indeed, 
it  is  quite  impossible  to  classify  the  varieties  of  non-Hving  irritant, 
but  they  all  agree  in  that  they  are  theoretically  '  aseptic,'  and  that 
they  induce  the  vascular  and  tissue  changes  that  have  been 
described  above.    Though  non-living  irritants  are  theoretically 
aseptic,  practically  in  a  large  number  of  cases  they  are  septic.  A 
wound  is  a  strictly  non-living  irritant  only  when  strictly  aseptic, 
and  the  difficulty  of  preventing  bacteria  from  playing  a  part  in 
any  inflammation  which  involves  the  skin  or  which  is  exposed  to 
the  air  is  so  great,  that  the  bulk  of  inflammatory  conditions  as  loe 
see  them  are  due  rather  to  the  living  than  to  the  non-living 
irritants. 

If  we  take  an  irritant  of  mean  intensity  from  either  class,  it 
will  be  seen  that  there  is  considerable  macroscopic  difference 

'  The  strict  hrematozoa,  such  as  Filaria  sa/nguinis  hominis,  the  malaria  parasites, 
&e.,  do  nil'- cause  inflammation,  though  they  lead  to  blood  changes.  Inflammatory 
foci  may,  however,  be  caused  by  accumulations  of  ova  of  Bilharzia  Jucntatobia  in  the 
tissues,  and  other  similar  conditions. 


252 


THE  PATHOLOGY  OF  INFLAMMATION 


between  the  forms  of  inflammation  that  are  produced.  For 
example,  the  great  exudation  that  comes  on  in  perhaps  ten 
minuiies  and  is  accompanied  by  the  migration  of  but  few  leuco- 
cytes when  heat  raises  a  blister  on  the  back  of  the  hand,  is  in 
marked  contrast  with  the  enormous  migration  of  leucocytes  and 
the  smaller  amount  of  exudation  that  occurs  in  perhaps  twenty- 
four  hours  when  the  irritant  is  Staj^Jtylococcus  pyogenes  aureus 
acting  in  the  same  region. 

But  though  it  may  bvoadly  be  stated  that  when  the  irritant  is 
non-living,  exudation  is  most  obvious,  whereas  when  the  irritant 
is  living  the  presence  of  numbers  of  cells  at  the  part  is  most 
obvious,  this  statement  is  not  absolutely  correct.  For  the  in- 
flammations caused  by  even  closely  allied  irritants  at  times  differ 
very  considerably.  Thus  Uschinsky,  investigating  the  action  of 
cold  upon  the  skin  of  the  guinea-pig,  showed  that  freezing  by 
means  of  the  ether  spray  for  two  to  three  minutes  leads  to  an 
inflammation  which  is  at  its  height  24-36  hours  later,  is  accom- 
panied by  an  excessive  migration  of  leucocytes  and  is  remarkable 
for  its  dryness.  Heat,  on  the  other  hand,  applied  for  the  same 
length  of  time,  leads  to  excessive  exudation  that  is  earlier  at  its 
height  and  is  accompanied  by  migration  of  few  leucocytes.  More- 
over the  vitality  of  all  tissues  is  less  interfered  with  by  cold  than 
by  heat,  so  that,  for  the  production  of  a  given  degree  of  injury  or 
of  local  death,  cold  must  be  more  intense  and  must  act  for  a 
greater  length  of  time  than  heat.  So,  too,  it  will  be  seen  in  the 
case  of  inflammation  caused  by  bacteria,  that  some  forms  are 
associated  rather  with  the  presence  of  much  exudation  than  of 
many  cells. 

Another  difference  between  the  inflammations  caused  by  living 
and  by  non-living  irritants  consists  in  the  fact,  that  inflammation 
resulting  from  the  action  of  a  purely  non-living  irritant  is  always 
strictly  localised  to  the  immediate  neighbourhood  of  the  spot  on 
which  the  irritant  has  acted,  whereas  w^hen  the  irritant  is  living 
the  inflammation  not  infrequently  spreads.'  This  obviously 
depends  upon  the  fact  that  the  living  irritant  is  capable  of  multi- 
plication, whereas  the  non-living  irritant  is  not. 

(6)  Effect  of  Intensity  of  Irritant  upon  Inflammation. — But  if 
the  nature  of  the  irritant  is  important  in  determining  the  cha- 
racter of  an  inflammation,  the  strength  of  the  irritant  is  no  less 
important.  If  it  be  slight  the  changes  which  it  induces  may  be 
but  little  beyond  the  line  which  divides  the  physiological  from  the 
pathological.  Thus,  the  action  of  heat  may  be  such  that  the 
vascular  changes  induced  are  almost  entirely  those  characteristic 
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of  a  simple  and  physiological  active  hyperasmia ;  or,  on  the  other 
hand,  it  may  kill  the  tissue  outright,  and  then  no  inflammatory 
•changes  supervene  except  at  a  distance  from  the  seat  of  irritation, 
where  the  action  of  the  irritant  has  been  less  severe  and  has  not 
killed  the  tissues.  Betv^een  these  extremes  lie  numberless  inter- 
mediate conditions.  The  question  of  time  also  comes  in,  for  a 
slight  irritant  long  continued  may  produce  as  great  effects  as  a 
more  severe  irritant  whose  action  is  less  prolonged. 

The  same  is  also  true  when  the  irritant  is  living.  A  micro- 
organism  such  as  Streptococcus  pyogenes  may  produce  vastly 
■different  forms  of  inflammation  when  inoculated  into  the  sub- 
cutaneous tissue.  If  of  a  very  low  degree  of;  virulence  its  eflects 
may  be  limited  to  the  production  of  perhaps  nothing  more  than  a 
slight  local  redness  ;  if  more  virulent  it  may  lead  to  the  exudation 
of  a  small  amount  of  fluid  or  perhaps  the  formation  of  a  pustule 
or  abscess  ;  while  if  intensely  virulent  the  inflammation  may  lead 
to  the  exudation  of  much  blood-stained  sero-purulent  fluid  into 
the  subcutaneous  tissue,  and  the  inflammation  may  spread  so 
rapidly  that  in  the  course  of  a  few  hours  a  whole  limb  may  be 
involved  or  even,  by  a  general  infection,  the  death  of  the  subject 
may  have  been  brought  about. 

(ii)  The  Tissue  on  which  the  Irritant  acts. — (a)  Effect  of 
Nature  of  Tissue. — The  tissue  upon  which  the  irritant  acts  is 
also  concerned  in  determining  the  course  of  inflammation.  Quite 
apart  from  its  density  or  looseness — the  effect  of  which  has 
already  been  indicated — its  vascularity  or  comparative  avascularity 
is  of  importance,  for  upon  this  depend  not  only  the  amount  of 
■exudation  and  the  number  of  cells  that  migrate,  but  also  to  a 
large  extent  the  amount  of  degenerative  change  to  which  the 
irritant  gives  rise.  The  more  vascular  a  part,  the  less  likely  is  an 
irritant  to  produce  necrotic  change,  and  vice  versa.  Yet  this  last 
statement  needs  qualification,  for  when  an  irritant  such  as  Sta- 
phylococcus pyogenes  atireiis  acts  upon  the  highlj^  vascular  liver 
or  kidney,  as  in  the  case  of  septic  embolism  in  these  organs,  the 
disorganisation  of  tissue  to  which  it  leads  is  far  greater  than  it 
would  be  were  the  less  vascular  subcutaneous  connective  tissue 
the  seat  of  the  embolism.  The  nature  of  the  tissue  upon  which 
the  irritant  acts  is  of  importance,  as  well  as  the  freedom  of  its 
blood-supply,  and  the  delicate  liver  cell  or  kidney  epithelial  cell  in 
the  one  case  succumbs  more  easily  than  the  connective  tissue 
fibril  in  the  other.  That  the  course  of  inflammation  is  also 
modified  by  any  general  condition  which  modifies  the  vitality  of 
•the  tissues  is  shown  by  the  fact  that  in  diabetic,  albuminuric,  and 
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in  alcoholic  patients,  inflammations  run  a  far  more  severe  course 
than  they  run  in  healthy  individuals. 

(6)  Effect  of  Mechanical  Conditions. — There  is  scarcely  need 
to  point  out  that  mechanical  conditions  influence  the  course  and 
duration  of  an  inflammation.  Eest  and  movement  in  particular 
are  of  importance  in  this  connection.  Thus  an  irritant  which,, 
acting  on  the  skin  on  the  back  of  the  hand  over  the  shaft  of  a 
metacarpal  bone,  would  produce  an  insignificant  pustule,  may,  if 
situated  over  the  metacarpo-phalangeal  joint,  produce  an  ulcer 
extending  into  and  disorganising  the  joint.  The  diflerent  result 
is  due  solely  to  the  movement  of  the  joint,  for  if  the  part  be  kept 
at  complete  rest  the  inflammation  runs  the  same  course  in  the 
two  cases. 

(c)  Effect  of  Integrity  or  otherwise  of  Nervous  Supply. — The 
integrity  or  otherwise  of  the  nervous  supply  to  a  part  is  of  great 
importance  in  determining  the  course  which  shall  be  run  by  a 
given  inflammation.  This  can  readily  be  seen  in  the  following 
experiment  devised  by  Samuel  to  illustrate  the  point.  Three 
rabbits,  A,  B,  and  C,  are  taken,  and  in  A  the  sympathetic  nerve 
to  the  ear  is  cut  on  the  right  side,  in  B  the  sympathetic  nerve  is 
cut  on  the  right  side,  and  the  greater  and  less  auricular  nerves 
(sensory)  are  cut  on  the  left  side,  while  C  is  kept  as  a  control. 
Both  ears  of  each  rabbit  are  then  exposed  for  three  minutes  to 
water  at  54°  C.  It  will  be  found  that  the  subsequent  inflamma- 
tion runs  the  quickest  and  best  course  in  C  ;  that  it  is  more 
severe  and  lasts  longer,  but  ends  favourably  in  A ;  and  that  in  B 
it  runs  a  lingering  and  unfavourable  course,  accompanied  in  most 
cases  by  gangrene  of  the  heated  part  of  the  left  ear.  It  is  obvious 
from  this  experiment  that  section  of  the  vaso-constrictors  with 
hyperjemia  influences  the  inflammation  unfavourably,  that  vaso- 
constriction (in  the  left  ear  of  A,  and  compensatory  to  the 
hypersemia  in  the  right  ear)  and  anaemia  influence  the  course  of 
inflammation  unfavourably,  and  that  vaso-constriction  and 
anemia,  when  conjoined  with  loss  of  sensation  (left  ear  of  B),. 
cause  the  inflammation  to  run  an  extreaiely  severe  course. 

That  loss  of  sensation  in  a  part  is  particularly  associated  with 
severe  inflammation  has  long  been  known.  Without  entering 
into  a  discussion  of  the  question  concerning  'trophic'  nerves,, 
mention  may  be  made  of  the  well-known  facts  that  section  of  the 
ophthalmic  branch  of  the  fifth  nerve  is  followed  under  ordinary 
circumstances  by  severe  ulceration  of  the  cornea,  and  that  ni 
patients  whose  spinal  cord  or  brain  has  been  injured,  pressure  or- 
other  feeble  irritants  readily  cause  inflammatory  conditions  of  a 
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particularly  severe  type— the  so-called  acute  bed-sores.  In  the 
case  of  the  eye  it  is  taught  that  the  inflammatory  condition  is 
essentially  due  to  the  fact  that  the  anaesthetic  conjunctiva  does  not 
guard  against  injury,  and  there  is  no  doubt  that  if  the  eye  be  care- 
fully protected  from  irritants,  such  as  dust,  &c.,  inflammation 
does  not  occur.  Samuel's  experiment,  too,  apparently  shows  us 
that  the  same  irritant  produces  far  greater  effects  in  an  ansesthetic 
part  than  it  does  in  a  part  under  identical  conditions,  with  the 
exception  of  loss  of  sensation.  But  it  is  reasonable  to  suppose 
that  the  two  ears  of  B,  so  far  as  irritant  is  concerned,  are  not  in 
the  same  condition,  for  the  animal  would  guard  the  sentient  ear 
against  further  injury,  but  owing  to  lack  of  sensation  would  not 
protect  the  other  ear  against  accessory  irritants.  On  the  whole, 
however,  it  is  probable  that  in  some  unknown  way  the  course 
taken  by  an  inflammation  is  controlled  by  the  nervous  system. 

In  favour  of  this  view  is  also  the  fact  that  in  certain  indi- 
viduals hypnotic  suggestion  may  lead  to  the  appearance  of 
definite  inflammatory  conditions,  apart  from  the  action  of  an 
irritant.  Experiments  of  this  kind  must  be  received  with 
extreme  caution,  but  there  is  no  doubt  that  in  suitable  persons 
the  hypnotic  suggestion  that  a  given  substance  applied  to  the 
skin  is  red  hot,  whereas  actually  it  is  at  room-temperature,  pro- 
duces inflammatory  conditions,  including  the  formation  of  a 
bhster  at  the  seat  of  apphcation,  which  cannot  be  distinguished 
from  the  conditions  that  would  be  produced  in  the  normal  subject 
if  the  given  substance  had  in  reality  been  red  hot. 

Processes  going  on  in  one  part  of  the  body  also  affect  the 
course  of  inflammation  in  another  part  of  the  body.  Samuel 
shows  that  the  inflammation  which  commonly  appears  after 
application  of  croton  oil  to  a  rabbit's  ear,  or  after  scalding,  com- 
pletely fails  if  the  other  ear  be  immersed  for  several  hours  after 
application  of  the  irritant  in  water  at  15°  C.  This  is  not  due  to 
reflex  action  of  the  ordinary  kind,  for  the  same  result  obtains  if 
a  leg  be  immersed  in  water  at  15°  C.  instead  of  an  ear,  nor  does 
it  depend  upon  cooling  of  the  blood,  for,  on  the  contrary,  the 
temperature  of  the  blood  rises  somewhat  under  such  conditions. 
Samuel  finds  himself  completely  unable  to  explain  this  experi- 
ment, and  perhaps  it  is  no  help  to  regard  it  as  dependent  upon 
some  obscure  nerve  action.  A  somewhat  similar  difficulty  occurs 
in  the  case  of  rabbits  A  and  B  mentioned  above.  It  is  not  clear 
why  the  right  ears  of  the  two  animals  should  not  run  the  same 
inflammatory  course,  and  yet  the  right  ear  of  B,  in  which  the 
sensory  nerves  of  the  left  ear  are  cut,  runs  a-  distinctly  less 
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favourable  course.  Possibly  we  are  here  on  the  outskirts  of  a 
problem  which  has  a  wide-reaching  therapeutic  importance. 

We  see,  then,  that  when  an  irritant  acts  upon  a  living  tissue 
it  invariably  produces  the  following  results  : 

1.  Degenerative  changes  involving  the  tissue  elements. 

2.  Vascular  changes  showing  themselves  by  hypersemia  and 

exudation. 

3.  Migration  of  wandering  cells. 

All  of  these  conditions  are  present,  though  they  do  not  bear 
the  same  ratios  to  one  another  in  all  cases. 

But  inflammation  is  not  a  condition  of  equilibrium.  No 
sooner  has  it  become  developed  than  other  changes  supervene. 
These  changes  are  of  two  kinds :  physiological,  if  the  irritant 
ceases  to  act ;  pathological,  if  the  irritant  continues  to  act.  These 
sequels  to  inflammation  will  be  considered  in  the  following 
chapter. 
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CHAPTEE  IX 
THE  SEQUELS  OF  INFLAMMATION 
Synopsis. 


I.  General  Considerations.  The  Physio- 
logical and  Pathological  Sequels  of 
Inflammation. 
II.  Resolution. 

(i)  Primary    and  Subordinate 

Irritants. 

(ii)  Arrest  of  Irritant  Action. 

III.  Conditions  necessary  for  Eepair. 

IV.  The  Pathological  Sequels  of  Inflam- 

mation. 

A.  Suppuration    and  Abscess- 

formation. 

(i)  The  Characters  of  Pus. 

(ii)  Abscess.  Pyogenetic 

Micro-organisms,  Py- 
Eemia,  Septictemia, 
Saprtemia,  Ulcerative 
Endocarditis. 

B.  Gangrene  and  Allied  Con- 

ditions. Ulceration.  Caries. 


V.  Regeneration     of     Tissues  and 
Eepair. 

(i)  Epithelium. 

(ii)  The  Connective  Tissues.  Endo- 

thelium. Formation  of  new 
Blood-vessels, 
(iii)  Muscle.;  Nerve;  Gland. 

VI.  The  Progress  of  Eepair  as  exempli- 
fied by 
(i)  Healing  of  a  Wound. 

(ii)  HeaHng  of  a  Fracture  of 

Bone. 

(iii)  Formation  of    a  Fibroid 

Pleurisy. 

VII.  Chronic  Inflammations. 

VIII.  The    Significance    of  Inflamma- 
tion. 

IX.  Definition  of  Liflammation. 


I.  General  Considerations.— If  we  consider  the  phenomena 
which  occur  iinder  normal  physiological  conditions  in  a  gland 
whose  nerve  has  been  stimulated,  we  find,  when  nerve-stimulation 
ceases,  that  the  gland  commences  to  return  to  a  resting  state,  the 
hyperaimia  disappears,  secretion  is  no  longer  poured  out,  and  the 
work  done  by  the  gland-cells  is  directed  not  to  the  formation  of 
a  secretion,  but  to  their  own  re-establishment  and  to  the  storage 
within  themselves  of  the  products  of  protoplasmic  activity.  In 
other  words,  secretion  is  followed  by  a  return  to  normal,  includ- 
ing therewith  a  replacement  of  those  cells  which  had  broken 
clown  under  stimulation  to  form  the  secretion. 

Now,  though  the  cases  are  not  absolutely  analogous,  the 
changes  that  succeed  on  the  cessation  of  irritant  action  in  in- 
flammation and  on  the  cessation  of  nerve  action  in  secretion  have 
many  points  in  common.    For  when  the  irritant  ceases  to  act, 
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inflammation  commences  to  subside  and  repair  of  defects  caused 
by  the  action  of  the  irritant  commences  to  take  place.  That  is 
to  say,  resolution  and  repair— the  physiological  sequels  of  inflam- 
mation—have their  counterparts  in  the  physiological  sequels  of  a 
normal  glandular  secretion. 

Kesolution  and  repair  are  invariably  associated  with  one 
another.  For  since  inflammation  is  always  associated  with  de- 
generative changes  in  the  tissue  cells,  with  hypertemia  and  exuda- 
tion, and  with  migration  of  wandering  cells,  when  inflammation 
ceases  there  is  always  need  for  the  removal  of  degenerative  pro- 
ducts and  the  subsidence  of  the  other  excessive  conditions,  as 
well  as  for  the  repair  of  those  defects  to  which  the  degenerative 
changes  in  the  tissue  elements  have  given  rise. 

It  is  obvious  that  the  amount  of  repair  that  is  necessary 
depends  upon  the  degree  to  which  degenerative  tissue  changes 
have  entered  into  the  inflammation,  and  therefore  that  repair 
may  be  a  prominent  or  an  insignificant  part  of  the  sequels.  In 
some  cases  the  degenerative  tissue  changes  are  of  so  httle  import- 
ance that  the  phenomena  which  combine  to  make  up  '  resolution ' 
can  be  studied  independently  :  such  is  the  resolution  of  acute 
lobar  pneumonia.  In  other  cases,  removal  of  tissue,  whether  by 
the  knife  or  as  the  result  of  degenerative  change,  has  been  so  great 
that  reparative  processes  are  well  marked  :  such  is  the  repau'  or 
the  healing  of  a  wound. 

II.  Resolution.— (i)  Primary  and  Subordinate  Irritants.— 
Before  proceeding  to  examine  resolution  and  repair  more  closely 
it  must  be  pointed  out  that  the  action  of  an  irritant  is  really  a 
more  complex  matter  than  appears  at  first  sight.  If,  under 
perfectly  aseptic  conditions,  an  incision  be  made  into  the  skm, 
the  action  of  the  irritant  is  not  confined  to  the  time  occupied  by 
the  actual  incision,  but  lasts  for  a  longer  period.  For  the  cells 
that  have  been  damaged  by  the  knife,  the  blood  that  has  been 
effused,  the  inflammatory  exudation  that  is  poured  out,  all 
take  up  and  carry  on  the  work  of  irritation  in  their  turn.  The 
inflammation,  therefore,  that  follows  is  the  total  result  produced 
by  the  actions  of  the  primary  irritant  and  of  the  multitudinous 
subordinate  irritants  to  which  the  incision  or  primary  irritant 
has  criven  rise.  It  is  because  of  the  existence  of  these  sub- 
ordinate irritants  that  inflammations  persist  and  become  chronic. 

Since  irritant  action  must  be  regarded  as  dependent  upon  both 
primary  and  subordinate  irritants,  and  since  the  total  results  o 
irritant  action  are  summed  up  in  the  term  'inflammation,  i 
follows  that  the  physiological  sequels  of  inflammation  cannot 
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take  place  so  long  as  these  subordinate  irritants  continue  to  act, 
but  that,  on  the  other  hand,  inflammation  must  persist.  Before 
resolution  and  repair  can  take  place,  the  degenerated  tissue 
elements,  the  effused  blood,  the  excess  of  exudation  over  that 
which  is  necessary  for  proper  nutrition  of  the  tissues  must  cease 
to  act  as  irritants.  In  some  cases  this  end  is  attained  very 
simply.  In  the  inflammation  that  follov^s  upon  the  sting  of  a 
bee,  degenerative  changes  are  minute,  and  the  irritant  afforded  by 
the  copious  exudation,  after  exudation  has  done  its  work  of 
diluting  the  primary  irritant,  is  removed  by  a  drainage  of  the 
oedematous  tissue  spaces  into  the  lymphatics.  The  case  of  acute 
lobar  pneumonia  is  similar  but  not  quite  so  simple.  The  pneumo- 
coccus  leads  to  a  very  considerable  hyperaemia  and  exudation, 
and  the  exudation,  in  some  manner  with  which  we  are  not  at 
present  concerned,  kills  the  micro-organism  and  neutralises  its 
poison.  The  primary  irritant  is  therefore  overcome,  but  the 
secondary  irritant,  represented  in  the  main  by  the  coagulated 
exudation,  persists,  and  of  itself  keeps  up  the  inflammation  until 
such  time  as  it  has  become  liquefied  and  has  been  removed  by  the 
lymphatics,  by  the  blood-vessels,  and  by  expectoration.  Hence 
in  pneumonia,  resolution  and  repair  do  not  set  in  so  soon  as  in 
the  other  case.  Those  cases  of  acute  lobar  pneumonia  in  which 
this  maintenance  of  irritation  is  inordinately  prolonged,  owing 
to  failure  or  delay  in  the  liquefaction  of  the  coagulated  exudation, 
are  liable  to  terminate  in  abscess,  gangrene  &c.  of  the  lung  ;  in 
other  words,  in  them,  the  sequels  of  the  inflammation  are  not 
physiological  but  are  pathological. 

Eesolution  of  an  inflammation  is  therefore  synonymous  with 
removal  of  the  results  of  irritant  action.  In  inflammation  the 
blood-vessels  become  dilated  and  the  blood-flow  is  retarded  or 
accelerated  according  to  circumstances,  in  resolution  the  blood- 
vessels are  contracted  towards  normal  and  the  blood-fiow  is 
accelerated  or  retarded  according  to  circumstances  ;  in  inflamma- 
tion exudation  from  the  blood-vessels  is  greater  than  the  amount 
of  fluid  that  •  drains  away  by  the  lymphatics,  in  resolution  the 
amount  of  fluid  that  flows  away  by  the  lymphatics  is  greater  than 
the  amount  of  fluid  that  leaves  the  blood-vessels ;  in  inflamma- 
tion cells  leave  the  blood-vessels  and  wander  towards  the  focus  of 
irritation,  in  resolution  emigration  ceases,  and  such  leucocytes  as 
are  already  at  the  focus  of  irritation  wander  away  or  are  carried 
away  in  the  lymph-stream  ;  in  inflammation  the  sensibility  and 
temperature  of  the  part  increase,  in  resolution  they  diminish 
again  towards  the  normal ;  in  inflammation  tissue  elements  are 

8  2 


260 


THE  SEQUELS  G^P  IITFLAMMATION 


disorganised  or  are  destroyed,  in  resolution  the  dead  tissue  ele- 
ments are  removed,  and  those  elements  whose  vitality  has  not 
been  lowered  to  too  great  an  extent  recover. 

It  is  not  necessary  tO' discuss  the  phenomena  of  resolution  in 
detail,  for  the  processes  that  are  at  work  are,,  in  the  main,  the 
converse  of  those  which  lead  up  to  the  phenomena  of  inflamma- 
tion, but  a  few  remarks  are  necessary  upon  the  methods  whereby 
irritant  action  is  arrested. 

(ii)  Arrest  of  Irritant  Action.— We  have  already  spoken  of 
the  means  whereby  the  action  of  certain  subordinate  irritants  is 
abolished,  but  no  mention  has  been  made  of  the  means  whereby 
the  action  of  the  primary  irritant  is  arrested.  In  this  connection 
all  consideration  of  living  irritants  will  be  omitted,  as  the  m^anner 
in  which  the  cells  and  the  fluids  of  the  body  deal  with  bacteria 
must  be  discussed  in  full  in  a  later  chapter.  But  in  the  case  of 
non-living  irritants  the  matter  is  simpler  and  may  conveniently 
be  considered  here. 

The  process  differs  somewhat  according  to  the  nature  of  the 
irritant  in  question,  but  the  means  whereby  the  end  is  attamed 
almost  invariably  consists  essentially  in  the  exudation  of  a 
coagulable  fluid  and  the  migration  and  prohferation  of  wandering 
cells. 

(«.)  Dilution.— Without  entering  at  present  into  the  question 
whether  the  phenomena  of  inflammation  are  purposeful  or  no. 
there  can  be  no  doubt,  for  example,  that  the  irritant  action  of 
liquor  epispasticus  applied  to  the  surface  of  the  body  is  arrested 
or  diminished  by  the"  output  of  that  large  quantity  of  fluid  which 
characterises  inflammation  caused  by  this  agent.  So,  too,  the 
exudation  which  takes  place  into  the  peritoneal  cavity  whenever  a 
concentrated  solution  is  injected  into  it,  dilutes  that  solution  and 
renders  it  less  irritating ;  and  the  exudation  poui-ed  out  mto  the 
bronchi  after  an  irritating  gas  has  been  inhaled,  protects  the 
epithelium  from  the  further  action  of  that  gas.  But  the  exuda- 
tion does  not  only  arrest  or  diminish  the  action  of  irritants  m 
these  ways,  it  may  also  coagulate,  and,  to  a  large  extent,  locahse 
the  irritant.  It  is  by  no  means  rare  to  find  a  collection  ot 
inflammatory  material  in  the  pleural  or  the  peritoneal  cavity 
shut  off  from  the  main  cavity  by  a  layer  of  fibrin  ;  and  the  wall 
of  an  acute  abscess  really  constitutes  a  barrier— largely  composed 
of  coagulated  exudation— against  the  extension  of  the  irritant 
which  called  forth  the  inflammation. 

(6)  Bemoval— When  the  irritant  is  solid,  and  in  particular 
when  it  is  insoluble  in  the  slightly  alkaline,  saline,  and  albuminous 
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lymph,  it  acts  in  a  mechanical  manner,  and  its  action  is 
diminished  or  arrested  in  other  ways.  If  it  is  of  such  a  kind 
that  it  can  be  broken  up  by  phagocytes,  it  gradually  becomes 
removed  by  these  cells.  It  has  been  shown  by  Knud  Faber  that 
small  masses  of  agar-agar  impregnated  with  carmine  particles 
are  thus  broken  up  and  removed,  phagocytic  cells  being  found 
which  enclose  particles  of  the  impregnated  substance.  When 
such  a  substance  as  ivory  or  bone  is  the  irritant,  it  is  removed  (in 
whole  or  in  part)  also  by  phagocytic  action;  the  acid  reaction 
which  is  developed  in  protozoa  as  the  result  of  contact  with 
foreign  particles  renders  solution  of  the  calcareous  matrix  in- 
telligible, and  the  organic  matrix  which  is  then  laid  bare  is 
susceptible  of  peptonisation. 

There  is  no  difficulty  in  understanding  how  the  removal  of 
small  particles  of  bone  or  ivory  from  the  chief  mass  can  be 
brought  about ;  but  though  it  is  certain  that  the  chief  mass  of 
agar-agar  is  slowly  broken  up,  the  steps  which  precede  engloba- 
tion  by  leucocytes  are  quite  unknown.  Agar-agar  cannot  be 
peptonised,  and  exposure  to  a  temperature  of  100°  C.  is  the  only 
known  method  whereby  solid  agar-agar  can  be  liquefied.  For 
the  same  reason  the  ultimate  fate  of  the  masses  of  agar-agar 
within  the  cells  is  equally  unknown,  but  the  fact  that  granules  of 
pigment  are  found  free  in  the  cells  shows  that  in  some  manner 
the  agar-agar  -becomes  dissolved. 

(c)  Encapsulation. — If  an  irritant  be  completely  insoluble, 
and  therefore  only  act  mechanically,  it  is  very  common  for  its 
action  to  be  arrested  by  the  process  known  as  '  encapsulation.' 
When  encapsulation  is  complete,  the  foreign  body  is  surrounded 
by  a  definite  capsule  of  fibrous  tissue,  which  is  formed  by  a 
process  identical  with  that  which  constitutes  repair.  But  at  an 
early  stage  movement  of  the  foreign  body  may  be  hindered  only 
fey  fibrin  formed  in  the  inflammatory  exudation  &c.  in  which  the 
foreign  body  lies.  Sometimes,  however,  no  recognisable  change 
of  any  kind  is  produced.;  after  injection  of  powdered  glass  into 
the  pleural  cavity  of  a  guinea-pig  under  strict  aseptic  conditions, 
this  is  not  infrequently  the  case,  and  in  particular  the  absence  of 
discoverable  inflammatory  phenomena  is  remarkable.^  A  fibrous 
capsule  is  also  sometimes  formed  around  a  mass  of  degenerated 
tissue  when  that  mass  is  large  and  aseptic.  Non-malignant 
tumours  situated  in  the  depth  of  an  organ  are  always  surrounded 
■fey  a  fibrous  capsule  of  greater  or  lesser  density.    When  the 

'  Observations  by  Drs.  J.  Lorrain  Smith  and  E.  G.  Trevethick  (Report,  Brit. 
■Jtsioc.  for. Adv.  of  Sci.  1894), 
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irritant  is  an  animal  parasite  (hydatid,  Trichina  spiralis),  it  is 
often  encapsuled,  and  by  deposition  of  calcium  salts  in  the  fibrous 
capsule  it  may  ultimately  become  enclosed  in  a  calcareous  case. 

(d)  Solution. — In  the  case  of  certain  irritants  soHdity  is  a 
relative  term,  and  solubility  or  insolubihty  depends  upon  cir- 
cumstances. A  living  amoeba  may  be  called  a  solid  body,  and  it 
maintains  its  identity  in  the  fluid  in  which  it  is  suspended,  but 
the  same  amoeba  when  dead  dissolves  readily  in  the  same  fluid. 
In  the  same  way  the  action  of  soHd  irritants  of  this  kind,  whether 
primary,  such  as  bacteria,  or  subordicate,  such  as  leucocytes,  is  in 
part  arrested  or  diminished  after  death  of  the  organism  by  a 
direct  solution  in  the  exudation  fluid.  With  regard  to  bacteria, 
the  process  of  bacteriolysis,  to  which  further  reference  will  be 
made  later,  is  a  fundamental  factor  in  the  whole  subject  of 
immimity. 

(e)  Other  Methods.— There  is  reason  to  beheve,  further,  that 
the  pain,  the  increase  of  temperature,  the  impairment  of  function, 
which  accompany  inflammation  are  also  at  times  means  whereby 
the  action  of  irritants  is  arrested  or  diminished,  though  it  must 
not  be  forgotten  that  these  same  factors  are  not  infrequently 
themselves  sources  of  irritation.  When  a  bone  is  broken,  for 
example,  the  pain  which  is  induced  by  movement,  and  the 
diminished  advantage  at  which  the  muscles  connected  with  the 
bone  act,  are  means  whereby  such  irritant  as  is  afforded  by 
movement  is  diminished.  Acute  peritonitis  affords  another  very 
well  marked  example  of  this  statement.  The  pain,  or,  at  all 
events,  the  stimulation  of  afferent  nerve-fibres  in  the  peritoneum, 
is  such  that  abdominal  movements  connected  with  respiration  are 
completely  inhibited  ;  when  pain  is  relieved  by  the  administration 
of  opium  in  large  doses,'  though  the  peritonitis  itself  is  unaltered, 
the  abdominal  respiratory  movements  reappear. 

With  regard  to  increased  temperature,  the  matter  is  more 
difficult,  though  it  is  known  that  the  growth  of  almost  all 
pathogenetic  micro-organisms  is  impaired  by  temperatures  above 
about  37°  C.  When  discussing  fever  it  will  be  seen  that  one 
view  of  the  process  is  that  it  is  a  natural  endeavour  on  the  part 
of  the  body  to  inhibit  the  growth  of  invading  micro-organisms 
and  to  destroy  the  toxins  which  they  produce. 

III.  Conditions  necessary  for  Repair.— (i)  Absence  of  Irri- 
tant Action  and  Inflammation.— In  considering  repair,  though 
no  doubt  the  line  is  a  hard  one  to  draw,  it  must  clearly  be 
recognised  that  repair  in  any  part  essentially  depends  upon  the 
action  of  a  factor  x,  the  intensity  of  which  is  insufficient  to  cause 
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inflammation  in  that  part.  In  other  words,  repair  is  the  result 
of  tissue  stimulation  and  not  of  tissue  irritation.  That  x  may  be 
a  stimulus  in  one  case  and  an  irritant  in  another  case  is  clear : 
the  pressure  which,  acting  on  skin,  simply  leads  to  proliferation 
of  epidermis  and  the  formation  of  a  callosity,  would,  if  acting  on 
the  cornea,  lead  to  severe  inflammation  and  necrosis.  It  follows 
from  this  that  the  eflect  produced  by  x  upon  a  given  cell  depends 
upon  its  intensity.  It  cannot  act  upon  the  same  cell  at  the  same 
time  both  as  an  irritant  and  as  a  stimulus,  for  the  results  of  its 
action  as  an  irritant  are  degenerative,  while  the  results  of  its 
action  as  a  stimulus  are  prohferative.  The  cell's  growth  may 
either  be  enhanced  or  it  may  be  impaired,  but  both  events  cannot 
take  place  at  the  same  time.  We  may  therefore  say  that  in- 
flammatory changes  "must  be  absent  from  the  seat  of  repair. 

Nevertheless  inflammation  in  one  place  must,  at  least  theoreti- 
cally, always  be  associated  with  repair  at  another.  For  the  action 
of  any  irritant  Joecomes  gradually  weaker  the. further  one  proceeds 
from  the  seat  of  apphcation  of  the  irritant,  and  hence  it  follows 
that  at  some  point  on  the  periphery  the  irritant  merges  into  a 
stimulus,  and  the  degenerative  changes  of  inflammation  merge 
into  the  prohferative  changes  of  repair,  always  assuming  that  the 
tissues  are  capable  of  responding  to  the  stimulus.  So  also,  since 
an  irritant  which  leads  to  inflammation  must,  during  the  retro- 
gressive processes  "which  constitute  resolution,  at  some  time  or 
other  be  weakened  to  such  an  extent  that  it  no  longer  acts  as  an 
irritant  but  as  a  stimulus,  it  follows  that  the  subsidence  of  an 
inflammation  must  of  necessity  be  accompanied  by  repair.  As 
has  already  been  said,  resolution  and  repair  go  hand  in  hand. 

The  statement  that  inflammatory  changes  must  be  absent 
from  the  seat  of  repair  requires  a  httle  closer  examination.  For 
nothing  is  commoner  in  any  .microscopical  specimen  of  chronic 
inflammation  than  to  find  evidence  of  repair  and  of  acute  in- 
flammation side  by  side.  Thus,  in  a  mass  of  cicatricial  tissue 
which  is  fining  up  the  space  left  in  a  lung  after  a  focus  of 
tuberculous  inflammation  has  broken  down,  agglomerations  of 
leucocytes  indicative  of  acute  inflammation  are  frequently  seen, 
80  that  almost  in  the  same  microscopic  field  one  may  have  in- 
flammation and  repair  side  by  side.  But  they  are  never  present 
together  at  one  and  the  same  spot.  '  Again,  it  is  not  uncommon 
to  find  that  tissue  which  is  on  the  way  to  repair  has  itself  become 
inflamed,  and  in  this  case  reparative  changes  and  inflammatory 
changes  are  apparently  commingled.  But  that  this  is  not  really 
the  case  can  usually  be  seen  on  careful  examination  of  the 
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proliferated  cells,  for  in  them  degenerative  changes  are  generally 
recognisable ;  in  spite  of  the  apparent  coincidence,  inflammation 
is  the  only  process  at  work. 

It  is  because  such  appearances  as  those  described  in  the  last 
paragraph  are  common,  and  because  on  the  outskirts  of  an  area 
of  inflammation,  proliferative  changes  of  cells  are  evident  almost 
at  the  moment  when  inflammation  commences,  that  proliferative 
changes  are  regarded  by  some  authors  as  a  part  of  inflammation. 
Nevertheless  any  granulating  wound  shows  that  repair  is  most 
advanced  where  the  irritant  acts  with  least  intensity,  or,  in  other 
words,  where  the  irritant  becomes  merged  into  a  stimulus,  that 
repair  is  less  and  less  advanced  as  one  proceeds  towards  the  part 
where  the  irritant  acts  with  greater  and  greater  intensity,  and 
that  immediately  beneath  the  free  surface  of  the  wound  where 
the  irritant  is  most  intense,  and  where  the  inflammation,  as 
evidenced  by  hosmorrhage,  by  exudation,  by  migration,  is  aculest, 
repair  is  completely  absent.  These  facts,  coupled  with  the  fact 
tliat  proliferation  of  cells  in  normal  physiological  life  is  a  process 
quite  independent  of  inflammation,  seem  to  indicate  that  the  cell 
proliferation  which  occurs  after  a  part  has  been  subjected  to  the 
action  of  an  irritant,  is  of  itself  a  separate  pi'ocess  from  the  true 
inflammatory  process. 

From  a  histological  point  of  view,  the  distinction  is  perhaps 
a  small  one,  but  therapeutically  at  all  events,  recognition  of  the 
fact  that  repair  at  any  spot  is  dependent  upon  the  cessation  of 
irritation  at  that  spot  is  of  great  importance. 

(ii)  Presence  of  a  Stimulus. — Now,  though  repair  depends 
upon  the  cessation  of  irritation,  it  depends  equally,  upon  the 
maintenance  of  a  stimulus  to  cell  proliferation :  when  a  stimulus 
is  wanting,  repair  comes  to  a  standstifl.  This  condition  may  be 
seen  in  the  case  of  an  indolent  ulcer,  which  for  weeks  or  months 
may  show  no  attempt  at  repair.  The  treatment  for  such  an  ulcer 
is  the  local  application  of  some  mild  caustic,  for  the  surgeon 
knows  that  such  cell  destruction  to  the  superficial  part  of  the 
sore  as  results  from  application  of  the  caustic  is  more  than 
counterbalanced  by  the  cell  proliferation  which  that  caustic  in- 
duces in  parts  at  a  distance  from  the  surface.  He  procures 
inflammation,  not  because  inflammation  repairs  the  wound 
directly,  for  inflammation  causes  a  greater  wound  at  first,  but 
because  every  inflammation  as  it  subsides  brings  repair  in  its 
train. 

(iii)  Increased  Nutriment. — For  the  occurrence  of  repair, 
besides  the  existence  of  a  stimulus  to  cell  proliferation  there  is 
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also  the  necessity  for  the  supply  of  an  increased  amount  of 
nutritive  material.  This  indeed  is  but  one  of  the  laws  of  growth 
tinder  all  conditions.  Since  active  hypersemia  and  increased  out- 
put of  lymph  are,  under  normal  circumstances,  the  means  whereby 
increased  amount  of  nutriment  is  brought  to  tissues  which  are  in 
need  of  such  increased  nutriment,  we  must  assume  that  the 
inflammatory  exudation  is  the  chief,  though  perhaps  not  the  only 
source  of  the  nutriment  which  is  supplied  to  the  cells  whose 
proliferation  constitutes  the  first  stage  in  repair.  By  some 
authors  it  is  held  that  the  fibrin  network  formed  in  the  exuda- 
tion, and  even  some  of  the  migratory  cells  first  appearing  at  the 
seat  of  inflammation  (finely  and  coarsely  granular  oxyphil  cells), 
also  subserve  the  same  purpose,  and  there  is  no  doubt  that  the 
young  connective  tissue  and  endothelial  cells  of  which  reparative 
tissue  is  composed  possess  phagocytic  powers.  But,  as  in  the 
case  of  all  phagocytes,  there  is  a  doubt  whether  the  function  is 
nutritive  or  scavenging. 

(iv)  Capability  of  Cells  for  Division. — Por  the  occurrence  of 
repair  yet  another  factor  must  be  present.  It  is  essential  that 
the  cells  upon  which  the  stimulus  acts  shall  be  capable  of  divi- 
sion. This  point  is  so  obvious  that  it  calls  for  no  further  remark, 
but  the  absence  of  repair  in  certain  cases  of  inflammation  depends 
apparently  upon  the  absence  of  this  factor.^ 

For  the  occurrence  of  repair,  therefore,  at  any  spot,  four 
conditions  must  be  satisfied  : 

(i)  Irritant  action,  and  therefore  inflammation,  m.ust  be  absent 

from  the  spot. 

(ii)  A  stimulus  to  cell' proliferation  must  be  present. 

(iii)  There  must  be  a  sufficient  supply  of  nutrient  material  at 

hand. 

(iv)  The  cells  upon  which  the  stimulus  acts  must  be  capable 

of  proliferation. 

Now,  if  we  imagine  heat  of  60°  C.  to  be  applied  for  three 
minutes  to  the  healthy  skin  of  any  part  over  the  area  of  a  circle 
whose  radius  is  1  centimetre,  we  shall  find  that  these  four 
conditions  obtain  at  a  certain  distance  from  the  periphery  of  the 
focus  of  inflammation,  and  the  same  would  be  true  if  the  radius 
of  the  circle  had  been  2  centimetres  instead  of  1  centimetre, 
excepting  that  the  two  peripheral  regions  of  potential  repair 
■would  not  coincide.    Moreover,  if  after  heat  has  been  applied 


'  Cf.  Chapter  XII. 
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over  the  area  of  a  circle  whose  radius  is  1  centimetre,  and  its 
results  have  become  manifest,  heat  be  applied  over  the  area  of  a 
concentric  circle  whose  radius  is  2  centimetres,  it  is  obvious  that 
the  zone  of  potential  repair  formed  at  first  will  become  merged 
in  the  inflammatory  region  caused  by  the  second  apphcation  of 
heat.  But  there  will  still  be  found  a  zone  of  potential  repair  at 
the  periphery  of  the  larger  circle.  Eepeated  applications  of  heat 
in  ever  widening  circles  will  always  produce  the  same  results — 
inclusion  of  what  was  earlier  the  reparative  zone  in  what  is  now 
the  inflammatory  region,  appearance  of  a  fresh  reparative  zone  in 
what  was  earlier  normal  skin— until  no  normal  skin  is  longer 
available.  These  imaginary  cases  are  types  of  the  conditions  that 
obtain  when  an  irritant,  living  or  non-living,  acts  locally.  Leav- 
ing exceptional  cases  out  of  consideration  for  the  present,  we  may 
say  that  around  every  inflammatory  focus  there  is  a  zone  in  which 
the  conditions  necessary  for  repair  are  satisfied.  It  is  quite  im- 
material whether  the  irritant  is  living  or  non-living,  whether  it 
spreads  or  is  localised,  whether  it  has  acted  for  a  longer  or  for  a 
shorter  time,  whether  its  intensity  is  greater  or  less.  These 
factors  modify  the  extent  of  the  inflammation,  the  extent  of 
tissue-disorganisation,  the  size  of  the  area  over  which  repair  will 
be  necessary,  the  distance  from  the  centre  of  the  focus  of  irritant 
action  at  which  the  zone  of  potential  repair  shall  be  situated,  and 
so  on,  but  such  a  zone  exists  whatever  the  character  of  the 
irritant.  In  the  same  way  the  conversion  of  this  zone  of  potential 
repair  into  a  zone  of  actual  repair  is  independent  of  every 
consideration  save  that  it  itself  should  not  fall  under  the  sway 
of  an  irritant. 

Apart  from  the  last-mentioned  contingency,  the  condition  of 
the  tissue  cells  liable  to  proliferation  in  reparative  zones  is  always 
the  same,  so  that,  whatever  the  pathological  sequels  may  have 
been  in  parts  other  than  the  reparative  zone,  in  this  region  the 
same  changes  always  take  place.  Hence  the  essential  phenomena 
of  repair  are  everywhere  identical.  Inflammation  may  be  followed 
by  abscess-formation,  by  ulceration,  by  gangrene,  or  by  none  of 
these,  but  a  zone  of  potential  repair  is  formed  in  each  case  alike, 
and  if  the  potential  repair  becomes  definitive,  the  kind  of  tissue 
which  is  produced  is  the  same  whatever  may  have  been  the  type 
of  the  inflammation  that  preceded  it. 

Two  reservations,  however,  are  necessary.  Where  the  condi- 
tions of  repair  involve  layers  of  epithelium  in  addition  to  deeper 
structures,  or  where  epithelium  is  alone  involved,  the  phenomena 
accompanying  epithelial  repair  are  superadded  to  the  othei 
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changes  or  constitute  the  whole  of  repair,  respectively.  But  with 
these  exceptions  the  statement  is  true  that  repair  tissue  and  the 
phenomena  of  repair  under  all  conditions  are  essentially  the  same. 

Now  it  has  been  said  above  that  when  the  irritant  does  not 
cease  to  act  the  sequels  of  inflammation  are  pathological.  But 
it  is  obviously  possible  that  an  irritant  may  cease  to  act  afteyr  it 
has  led  to  pathological  sequels  of  inflammation,  and  therefore 
that  the  pathological  sequels  may  themselves  be  followed  by 
physiological  sequels  taking  place  in  parts  whose  vitality  has  not 
been  irreparably  lowered  by  the  persistence  of  irritant  action.  As 
a  matter  of  fact  this  sequence  of  events  is  exceedingly  common. 
Kepair  occurring  under  such  conditions,  however,  is  generally 
complicated  in  some  degree  by  the  pathological  sequels  taking 
place  in  the  neighbourhood.  For  this  reason  repair  following 
obvious  pathological  sequels  of  inflammation  was  long  regarded 
as  differing  in  kind  from  repair  taking  place  in  the  absence  of 
obvious  pathological  sequels.  Though  this  is  certainly  not  the 
case,  it  will  be  advisable  to  delay  the  detailed  discussion  of  repair 
generally  until  the  pathological  sequels  of  inflammation  have 
been  considered. 

IV.  The  Patholog-ical  Sequels  of  Inflammation. — Since  the 
pathological  sequels  of  inflammation  are  due  to  the  persistence  of 
irritant  action,  it  follows  that  the  factors  which  lead  to  these 
sequels  are  primarily  the  conditions  which  obtain  in  inflammation 
itself.    In  this  part  of  the  subject,  therefore,  we  shall  have  to 
deal  with  excessive  destruction  of  tissue  elements,  excessive 
exudation  of  fluid,  excessive  migration  of  wandering  cells.  Now 
the  persistence  of  irritant  action  may  depend  either  upon  some 
peculiarity  of  the  irritant  itself  or  upon  some  peculiarity  of  the 
tissues  upon  which  the  irritant  acts.    As  examples  of  the  first 
condition  may  be  given  the  pyogenetic  bacteria  generally.  By 
their  powers  of  multipHcation  in  the  tissues  and  of  forming 
specific  toxins,  they  have  a  greater  natural  tendency  to  cause 
persistence  of  inflammation  than  irritants  such  as  aseptic  incisions, 
the  duration  of  whose  irritant  action  is  more  or  less  limited.  As 
an  example  of  the  second  condition  may  be  mentioned  the  different 
manner  in  which  diabetic,  alcoholic,  or  albuminuric  patients  react 
to  a  given  irritant  as  compared  with  the  manner  in  which  a 
healthy  person  reacts  to  the  same  irritant.    Thus  pneumonia  in 
a  previously  healthy  person  will  probably  end  by  simple  resolu- 
tion and  recovery,  whereas  in  a  drunkard  it  is  not  unlikely  tO' 
end  fatally  perhaps  after  the  supervention  of  abscess  or  gangrene 
of  the  lung. 
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All  the  pathological  sequels  of  inflammation  are  of  a  degenerative 
^ype,  and  in  all  of  them  death  occm's  whether  of  individual  cells 
or  of  whole  masses  of  tissue.  This  is  only  what  might  be  expected, 
■since  they  depend  upon  the  persistence  of  irritant  action,  which 
of  itself  induces  inflammatory  degenerative  changes.  So  also  one 
.can  infer  from  the  persistence  of  the  irritant  action  that  in  the 
pathological  sequels,  degenerative  changes  play  a  far  more  promi- 
nent part  than  in  cases  of  inflammation  where  irritant  action  does 
not  persist.  But  there  is  no  real  line  of  demarcation  between 
'  inflammation '  and  the  '  pathological  sequels  of  inflammation,' 
just  as  there  is  no  real  line  of  demarcation  between  '  action  of  an 
irritant '  and  '  continued  action  of  an  irritant ; '  we  shall  therefore 
find  that  whatever  may  be  the  macroscopic  peculiarities  of  the 
pathological  sequels  of  inflammation,  microscopically  and  essenti- 
ally the  pathological  sequels  are  only  exaggerations  of  the  same 
processes  that  occur  in  the  simplest  inflammation.  There  is  con- 
sequently the  widest  antagonism  between  the  pathological  and 
the  phj^siological  seqaels  of  inflammation. 

The  conditions  about  to  be  described  may  be  included  under 
the  two  following  headings  :  (A)  Suppuration  and  abscess-forma- 
tion ;  (B)  Gangrene  and  necrosis  in  their  various  forms. 

(A)  Suppuration  and  Abscess-formation. — Suppuration  and 
.abscess-formation  essentially  consist  in  the  production,  as  the 
result  of  continued  irritant  action,  of  the  fluid  called  '  pus.'  It 
will  be  well  first  to  describe  the  characters  of  pus,  and  afterwards 
to  discuss  the  conditions  of  its  formation. 

(i)  The  Characters  of  Pus. — In  its  simplest  form  pus  is  a 
fluid,  creamy  both  in  colour  and  in  consistency,  with  a  mean 
specific  gravity  of  1030-1033,,  an  alkahne,  but,  according  to 
Ewald,  not  infrequently  an  acid  reaction,  and  a  faint  mawkish 
odour.  In  the  vast  majority  of  cases  it  does  not  coagulate  spon- 
taneously, but  if  allowed  to  stand  it  separates  into  two  layers. 
The  upper  of  these  is  known  as  '  liquor  puris  ;  '  it  is  a  transparent, 
■colourless,  or  straw-coloured  fluid,  and  resembles  blood-serum.. 
The  lower  layer  is  opaque  and  holds  the  suspended  solid  elements 
of  the  pus.  Liquor  puris  chemically  is  an  albuminous  fluid  closely 
:similar,  so  far  as  its  saline  constituents  are  concerned,  to  blood- 
serum  and  lymph.  It  contains  6-7  per  cent,  of  proteid,  or  shghtly 
less  proteid  than  blood-serum,  but  it  contains  a  larger  amount  of 
cholesterin.  Nitrogenous  extractives,  such  as  leucin  and  tyrosm, 
and  albumoses  are  also  found  in  hquor  puris.  A  large  quantity 
•of  a  mucus-like  substance  is  also  present,  and  the  'ropiness  '  which 
this  substance  shows  on  addition  of  caustic  potash  is  used  as  one 
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of  the  tests  for  pus.  So  far  as  the  above  characteristics  are 
concerned,  there  is  but  Httle  difference  whether  the  pus  has  been 
derived  from  an  '  acute '  or  from  a  '  cold  '  abscess,  but  with  regard 
to  the  deposit  from  pus,  the  difference  in  the  two  cases  is  marked. 

If  the  pus  come  from  an  acute  abscess,  the  deposit  consists  of 
colourless  round  cells  whose  outline  is  well  defined,  whose  proto- 
plasm is  generally  granular,  and  whose  nucleus  is  generally  either 
multipartite  or  multiple.  If  the  cells  be  examined  on  the  warm 
stacje,  it  will  commonly  be  found  that  a  large  number  of  them 
show  amoeboid  movements.  The  granules  in  the  cell  protoplasm 
are  not  stained  by  osmic  acid  and  are  dissolved  very  readily  by 
acetic  acid ;  they  are  therefore  not  fat,  a  matter  of  some  import- 
ance in  view  of  the  fact  that  pus-cells  are  very  liable  to  undergo 
fatty  change. 

On  suspending  a  small  quantity  of  such  pus  in  saline  solution 
and  examining  it  microscopically  while  a  drop  of  dilute  watery 
methylene  blue  is  run  under  the  coverslip,  it  is  seen  that  there  is 
great  variability  in  the  staining  properties  of  the  cells.  In  some 
cases  the  nuclei  stain  intensely  and  rapidly,  but  in  others  staining 
occurs  late  or  may  not  occur  at  all.  In  accordance  with  the 
views  now  generally  accepted,  the  cells  which  stain  well  must  be 
regarded  as  dead — though  not  degenerated — while  those  of  which 
the  nuclei  do  not  stain  may  either  be  living,  or  dead  and  degene- 
rated beyond  the  possibility  of  staining. 

If  the  pus  come  from  a  cold  or  chronic  abscess  the  deposit, 
often  does  not  show  the  presence  of  a  single  cell,  but,  on  the  con- 
trary, consists  of  granular  amorphous  dehis.  Some  of  the  larger 
masses  of  debris  show  signs  of  fatty  change,  and  the  liquor  puris 
may  contain  free  fat  globules,  or  crystals  of  fatty  acids  or  of 
cholesterin.  These  points,  taken  in  conjunction  with  the  fact 
that  in  less  completely  disintegrated  pus,  pus-cells  are  frequently 
found  containing  definite  fat  droplets,  suggest  that  the  dehris 
really  consists  of  broken-down  and  fattily  degenerated  pus- 
corpuscles.  It  is  well  in  accordance  with  this  view  that  an 
amorphous  deposit  from  pus  is  associated  with  chronicity  of  the 
abscess. 

Taking  pus  as  described  above,  we  find  that  it  may  show  many 
differences  and  may  undergo  many  changes.  Instead  of  being 
'  creamy '  and  having  a  specific  gravity  of  1032  it  may  be 
'  watery '  and  have  a  specific  gravity  of,  perhaps,  1020  ;  under 
these  conditions  cells  are  scantily  present.  Or  it  may  be  mixed 
with  blood  so  that  its  colour  may  vary  from  pink  to  bright  red  or 
from  pale  brown  to  a  deep  chocolate.    When  an  abscess  contains 
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much  blood,  the  blood  may  be  present  in  altered  coagula  so  that 
the  pus  has  a  grumous  appearance,  or  it  may  be  evenly  distributed 
throughout  the  fluid.  According  to  these  differences  in  macro- 
scopic appearances  the  microscopic  characters  of  the  pus  will 
differ  also ;  in  one  case  apparently  normal  red  blood-corpuscles 
may  be  present,  in  another  only  granules  of  blood-pigment  and 
disintegrated  fibrin.  Under  certain  circumstances  pus  may  be 
distinctly  green  in  colour. 

The  odour  of  pus  also  varies.  Though  commonly  it  has  a 
mawkish  smell  only,  when  it  is  associated  with  disease  of  the 
middle  ear,  as  in  many  cerebral  abscesses,  it  is  generally  foetid  and 
often  so  to  an  extreme  degree.  Collections  of  pus  yielding  this 
fcetor  have  undergone  putrefactive  changes.  Collections  of  pus  in 
the  neighbourhood  of  the  intestinal  tract,  even  when  thejhave  no 
obvious  connection  with  the  bowel,  almost  invariably  have  a  f  ascal 
odour.  In  some  cases  putrefactive  changes  in  pus  are  associated 
with  the  evolution  of  considerable  quantities  of  gas.  According  to 
Kist  all  specimens  of  foetid  pus  contain  anaerobic  micro-organisms. 

Sources  of  Liquor  Purls  and  Pus-corpicscles.^When  it  is 
considered  that  suppuration  is  one  of  the  results  of  persistent 
irritant  action,  that  the  liquor  puris  is  practically  identical  with 
blood-plasma  in  its  composition  and  characters,  that  pus-cells  are 
amoeboid,  granular,  and  multinuclear  colourless  cells,  and  that  in 
inflammation  exudation  of  fluid  occurs  along  with  migration  of 
leucocytes,  particularly  of  the  finely  granular  oxyphil  type,  it  is 
almost  impossible  to  resist  the  conclusion  that  Hquor  puris  is 
liquor  sanguinis,  though  no  doubt  somewhat  altered  in  composi- 
tion, and  that  pus-corpuscles  are  migrated  leucocytes.  Irresisti- 
ble as  this  conclusion  seems,  when  it  was  first  put  forward  by 
Cohnheim  it  met  with  violent  opposition,  notably  at  the  hands 
of  Strieker.  It  would  not  be  profitable  after  these  years  to  enter 
into  the  details  of  the  controversy,  but  the  view  maintained  by 
Strieker  was  that,  as  the  result  of  irritant  action,  tissue  elements 
of  all  kinds  revert  to  their  early  embryonic  condition.  He  therefore 
regarded  pus- corpuscles  as  being  modified  tissue-cells.  At  the 
present  time  it  is  generally  held  that  the  greater  number  of  pus- 
cells  are  derived  from  the  blood;  but  there  is  growing  up  a 
tendency  to  look  upon  some  pus-cells  as  direct  derivatives  of 
wandering  cells  found  in  connective  tissue,  and  if  this  view  be 
correct,  Strieker's  contention  must  to  some,  though  to  a  greatly 
modified  extent,  be  accepted.  Until  recently  Cohnheim's  view, 
that  all  pus-cells  are  derived  from  the  blood,  was  alone  received 
by  almost  all  authorities. 
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The  view  that  piis-corpnscles  are  in  the  main  h£emal  wander- 
ing cells  derives  support  from  examination  of  pus  stained  after 
the  methods  originated  by  Ehrlich  in  his  work  upon  leucocytes. 
The  greater  number  of  pus-cells  in  an  acute  abscess  are  leucocytes 
of  the  finely  granular  oxyphil  (neutrophil,  polynuclear)  type,  but 
coarsely  granular  oxyphil  (eosinophil)  cells,  and  hyaline  (mono- 
nuclear) cells  of  different  sizes  are  also  to  be  found,  the  latter  not 
infrequently  in  considerable  numbers. 

With  regard  to  the  origin  of  cells  in  pus  other  than  oxyphil 
cells  (that  is  to  say,  the  cells  which  have  been  grouped  together 
above  as  '  hyaline  ')  our  information  is  very  meagre.  It  is  quite 
unknown  whether  they  are  of  blood  or  of  tissue  origin,  though 
the  latter  is  most  probably  the  case ;  if  derived  from  tissues, 
whether .  they  are  derived-  from  connective  tissue  corpuscles  or 
from  endothelial  cells  ;  whether  they  correspond,  as  their  micro- 
scopical characters  in  most  cases  would  suggest,  with  lymphocytes 
or  with  the  isomorphous  and  isochromatic  but  different  (Pappen- 
heim)  cells  known  as  plasma-cells  ;  whether  they  are  pre- 
existing cells  or  are  descendants  of  pre-existing  cells  that  have 
proliferated  owing  to  stimulant  action  of  the  irritant ;  or  indeed 
whether  they  own  a  single  origin  at  all.  Practically  all  that  is 
known  concerning  them  is  that  they  are  phagocytic  (a  fact 
against  the  idea  that  they  are  lymphocytes)  and  that  they  usually 
appear  on  the  scene  later  than  the  granular  oxyphil  cells. 

The  irregular  forms  shown  by  the  nuclei  of  the  finely  granular 
cells  in  pus  probably  depend  upon  fixation  of  the  cells  while  they 
were  still  in  active  amoeboid  movement,  for  the  nucleus  of  an 
amoeboid  cell  to  sbme  degree  participates  in  the  alterations  in 
shape  of  the  cell  itself.  Multiplicity  of  nuclei  in  a  pus-cell  is  to 
be  regarded  as  a  sign  of  degeneration  or  disintegration  of  the 
nucleus  and  not  of  p»oliferation.  That  considerable  amoeboid 
movement  may  be  associated  with  commencing  degeneration  of 
cells  is  also  shown  by  the  movements  which  take  place  in  red 
blood-corpuscles  when  they  are  about  to  undergo  Maragliano's 
degeneration  (cf.  p.  148).  The  nucleus  of  hyaline  cells  in  pus  is 
commonly  circular  or  oval,  and  these  nuclei  stain  far  more  feebly 
than  do  the  nuclei  of  the  granular  oxyphil  cells. ^ 

'  Janowski  believes  that  every  suppuration  begins  by  a  collection  of  mononuclear 
cells  at  the  stimulated  spot.  These  become  converted  into  polynuclear  cells,  partly  in 
the  tissues  where  they  are  most  powerfully  stimulated,  partly  in  pus  itself;  con- 
sequently in  every  fresh  pus  there  is  a  certain  number  of  mononuclear  cells,  but  the 
number  decreases  with  the  age  of  the  pus,  until  at  last  none  are  left,  while  at  the  same 
time  the  number  of  polynuclear  cells  increases.    With  increase  of  cell  nuclei  there  is 
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(ii)  Abscess. — When  collections  of  pus  occur  in  the  middle 
of  organs  or  of  complex  tissues,  or  when  they  are  localised  in 
some  definite  portion  of  a  natural  cavity  in  the  body,  they  are 
generally  known  as  abscesses,  but  when  they  are  more  or  less  free 
in  pre-existing  cavities,  they  sometimes  receive  special  names. 
Thus,  a  collection  of  pus  in  the  pleural  cavity  is  known  as  an 
'empyema,'  in  the  pericardial  cavity  as  a  ' pyopericardium,'  in  a 
Fallopian  tube  as  a  '  pyosalpinx,'  in  a  dilated  pelvis  of  the  kidney 
as  a  '  pyonephrosis,'  in  the  anterior  chamber  of  the  eye  as 
'  hypopyon.'  Whitlows,  boils,  furuncles,  and  carbuncles  are 
names  for  varieties  of  suppurative  inflammation  affecting  the 
subcutaneous  connective  tissues  or  structures  lying  in  them. 
Even  clinically  they  are  closely  allied  to  abscesses  ;  pathologically 
their  mode  of  formation  is  identical.  For  their  characteristics 
special  works  on  surgery  must  be  consulted. 

Pus-formation,  however,  need  not  lead  to  the  collection  of 
pus  into  an  abscess;  the  pus  may  be  discharged  as  quickly  as 
it  is  formed.  Examples  of  this  condition  are  seen  in  ordinary 
superficial  suppurating  wounds  and  ulcers,  and  in  gonorrhoea  and 
dysentery. 

When  an  abscess  is  being  formed  at  any  spot  the  pus  which  it 
contains  is  pent  up  under  a  greater  or  less  degree  of  pressure, 
which  of  course  causes  the  surrounding  tissues  to  yield  most 
where  their  resistance  is  the  least.  An  abscess,  therefore,  tends 
to  '  point '  in  some  one  direction,  and  the  pointing  is  in  the 
direction  of  least  resistance.  This  law  explains  the  fact  that  an 
abscess  invading  the  psoas  muscle  commonly  points  somewhere 
in  the  thigh,  as  well  as  the  fact  that  a  subcutaneous  abscess 
bursts  through  the  skin. 

(a)  Mode  of  Foronation.—The  mode  of  abscess-formation  may 
best  be  studied  by  considering  the  changes  that  occur  when  a 
septic  embolus  is  carried  to  an  organ  such  as  the  liver,  and  there 
forms  an  abscess.  At  some  point  where  the  caHbre  of  the  blood- 
vessel is  sufficiently  small,  the  embolus  which  is  circulating  m 
the  blood-stream  becomes  lodged  and  commences  to  exert  its 
irritant  action.  As  a  result  of  this  irritant  action,  inflammation 
is  set  up  in  the  wall  of  the  vessel ;  the  vasa  vasorum  dilate  and 
become  congested,  the  circulation  through  them  becomes  more 
rapid,  then  it  slackens  and  ultimately  is  arrested,  but  previous  to 
stasis,  exudation  of  fluid  and  migration  of  leucocytes  have  occurred. 
At  the  same  time  the  irritant  (bacterial  toxin)  causes  degenerative 

also  a  new  formation  of  (generally)  fine  or  (rarely)  coarse  eosinophil  granules.  Later 
the  granulation  disappears,  and  the  cells  and  nuclei  degenerate. 
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'changes  in  the  tissue-cells  (commencing  with  the  endothelium  of 
-the  blood-vessel  in  which  the  embolus  lies),  and  many  of  the 
tissue-cells  die.  Thrombosis  also  occurs  on  either  side  of  the 
-embolus,  and  the  direct  effect  of  the  irritant  is  intensified  by  the 
insufficiency  of  nutriment  which  the  tissue  receives.  The  leuco- 
•cytes  that  have  wandered  from  the  blood-vessels  and  others  that 
have  come  from  the  tissues  collect  at  the  seat  of  irritation, 
attracted  thither  by  positive  chemiotaxis.  There  is  thus  formed 
aromid  the  embolus  a  mass  of  material  consisting  of  blood-clot 
and  of  the  disorganised  elements  of  the  vessel  wall  infiltrated 
with  an  albuminous  fluid.  In  this  mass  are  also  numbers  of 
•leucocytes,  of  which  some  are  living,  but  the  majority  of  which 
have  succumbed  to  the  action  of  the  toxin.  This  dead  and 
■disorganising  tissue  itself  forms  an  irritant  to  surrounding  tissues, 
but  its  importance  as  a  direct  irritant  is  small  compared  with  its 
importance  in  serving  as  material  in  which  growth  of  the  septic 
bacteria,  originally  present  only  in  the  embolus,  can  take  place. 
Finding  a  plentiful  supply  of  nutriment  and  a  suitable  tempera- 
ture, the  bacteria  multiply  and  their  sphere  of  influence  extends 
in  all  directions,  with  the  result  that  the  inflammation  induced 
■by  the  bacteria  and  their  toxin  also  extends  in  all  directions.  In 
this  way  there  is  formed  a  mass  of  material  surrounding  the 
original  embolus  which  consists  of  dead  liver  substance,  dead 
vessel  wall,  blood-clot,  &c.,  in  which  the  only  living  elements 
are  the  bacteria  and  such  leucocytes  as  have  not  succumbed  to 
•the  action  of  the  toxin.  This  mass  is  oedematous  from  the  inflam- 
matory exudation  that  has  been  poured  out,  but  very  commonly 
is  denser  than  normal  from  the  presence  of  fibrin  formed  in 
the  exudation  fluid  and  the  numbers  of  leucocytes  that  have 
collected  at  the  spot. 

Before  this  condition  has  lasted  very  long,  while,  indeed,  the 
preceding  changes  are  going  on,  liquefaction  of  the  doughy  mass 
commences.  Liquefaction  is  first  recognisable  in  the  very  centre 
•of  the  mass  ;  probably  in  the  case  of  a  septic  embolus,  it  begins 
in  the  embolus  itself.  As  the  inflammatory  infiltration  spreads, 
the  extent  of  the  liquefaction  increases,  so  that  in  a  fully  formed 
•abscess  we  have  a  central  fluid  mass— the  pus— around  which  are 
arranged  zones  of  solid  material,  gradually  shading  from  a  layer 
which  is  immediately  about  to  break  down  into  pus,  and  which 
therefore  forms  the  wall  of  the  abscess,  through  a  zone  of  inflam- 
matory tissue  and  a  zone  in  which  the  proliferative  changes  of 
potential  repair  are  taking  place,  to  the  normal  substance  of  the 
Jiver. 
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The  fluid  portion  of  pus  is  to  a  very  large  extent  inflammatory 
exudation  fluid,  but  the  liquefaction  of  solid  material  which  takes 
place  in  the  centre  of  a  purulent  focus  shows  that  the  exudation 
will  not  wholly  explain  pus-formation.  There  must  be  an  actual 
solution  of  certain  solid  substances,  in  particular  the  altered  tissue 
elements  of  the  part  must  be  dissolved.  So  far  as  we  know,  this 
change  can  only  be  brought  about  by  a  process  of  digestion,  and 
for  it  a  proteolytic  ferment  is  necessary.  Some  of  the  chief  pyo- 
genetic  micro-organisms,  and  notably  Staphylococcus  pyogenes 
aureus,  form  a  proteolytic  ferment  as  one  of  the  products  of  their 
Hfe-history,  and  it  is  not  difficult  to  suppose  that  in  ordinary 
abscess-formation,  which  is  most  commonly  associated  with  this 
micro-organism,  liquefaction  is  carried  out  by  a  process  of  proteo- 
lysis initiated  by  the  bacteria.  This  is  the  more  probable  as 
albumoses  similar  to  those  found  in  ordinary  proteolytic  digestion, 
and  such  nitrogenous  extractives  as  leucin  and  tyrosin,  are  found 
in  pus. 

But  Streptococcus  pyogenes  and  several  other  micro- organisms 
which  are  definitely  pyogenetic,  form  no  proteolytic  ferment,  and 
it  therefore  becomes  necessary  in  these  cases  to  search  for  another 
explanation  of  the  liquefaction  that  undoubtedly  occurs  when 
these  micro-organisms  cause  an  abscess.  This  explanation  is  in 
part  found  in  the  properties  of  phagocytic  cells.  It  has  already 
been  pointed  out  that  such  cells  attack  solid  substances,  and  bring 
about  their  solution  both  by  extra-cellular  and  by  intra-cellular 
digestion  :  the  numbers  of  phagocytes  present  in  tissue  which  is 
about  to  break  down  into  pus  is  so  great,  and  the  degenerated 
condition  of  the  tissue  elements  themselves  is  so  marked,  that  the 
occurrence  of  solution  by  phagocytic  action  can  hardly  be  doubted. 
We  know  that  phagocytes  can  dissolve  cat-gut ;  it  is  not  difliciilt 
to  suppose  that  they  can  bring  about  the  solution  of  degenerated 
inflammatory  tissue.  Nor  is  the  fact  that  very  large  numbers  of 
phagocytes  in  pus  are  dead  an  insuperable  difficulty,  for  not  only 
are  very  many  of  the  leucocytes  present  still  living,  as  shown  by 
their  amoeboid  movements,  but  also  living  cells  are  not  necessary 
to  the  occurrence  of  digestion.  Of  this  fact  the  commercial  pre- 
paration of  dried  pepsin  from  the  gastric  mucous  membrane  o 
the  pig  is  sufficient  evidence.  .  , 

In  addition  to  the  factors  mentioned  above,  recent  experimen 
has  shown  that  diastatic  ferments  are  to  be  obtained  f^oin  norma 
tissues  in  considerable  numbers.    Thus  Hedin  and  Bow  ana 
have  obtained  a  proteolytic  enzyme  from  the  spleen,  and  otn 
have  been  obtained  from  the  liver,  heart,  mammary  glanci, 
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skeletal  muscles.  Some  of  these  diastases  belong  to  the  sub- 
group '  oxydases,'  and  induce  their  changes  by  a  process  of  oxida- 
tion. To  the  presence  of  diastases  autolysis  of  such  organs  as 
liver,  kidney,  spleen,  in  the  absence  of  micro-organisms  must  pro- 
bably be  ascribed,  and  there  is  reason  to  believe  that  diastatic 
action  of  this  kind  plays  a  very  important  part  in  the  ordinary 
processes  of  the  body,  both  before  and  after  death.  It  is  not  im- 
possible that  a  certain  portion  of  the  liquefaction  that  occurs  in 
abscess-formation  depends  upon  the  action  of  a  proteolytic  diastase 
set  free  by  the  death  of  indigenous  cells  as  the  result  of  the 
inflammation. 

(i)  The  Part  played  hij  the  Irritant. — The  part  played  by  the 
irritant  in  abscess-formation  is  a  very  important  one.  An  abscess 
is  essentially  a  liquefied  inflammatory  focus  in  w^hich  the  number 
of  wandering  cells  is  so  great  that  their  presence  forms  the  domi- 
nating feature  of  the  inflammatory  products.  Now  since  the 
attraction  of  wandering  cells  to  a  given  point — positive  chemio- 
taxis— and  the  absence  of  attraction  or  possibly  actual  repulsion — 
negative  chemiotaxis — depend  upon  the  concentration  of  the 
chemical  substance  as  well  as  upon  its  natm-e,  it  is  intelligible 
that  the  result  of  persistent  irritant  action  will  in  some  cases  be 
the  formation  of  an  abscess  and  in  other  cases  not. 

1.  Intensity  of  Irritant. — If  the  irritant  be  very  slight,  as 
when  but  few  micro-organisms  and  those  of  a  very  low  order  of 
virulence  are  introduced  into  the  tissues,  it  is  possible  that  it  may 
induce  very  feeble  positive  chemiotaxis  ;  it  is  possible,  too,  that  it 
may  be  dealt  with  by  such  cells  as  are  present  at  the  spot,  and  it 
is  highly  probable  that  it  may  be  destroyed  in  situ  by  the  fluids 
of  the  tissues  in  which  it  lies.    Under  any  of  these  conditions  the 
number  of  wandering  cells  at  the  spot  is  very  small,  even  though 
from  the  inflammation  which  is  present  they  may  be  more 
numerous  than  normal.    And  in  any  case  the  amount  of  exuda- 
tion and  the  numbers  of  wandering  cells  present  are  insufiicient 
of  themselves  to  constitute  pus,  while  liquefaction  of  dead  tissues 
does  not  take  place  and  aid  the  process,  principally  because  the 
irritant  is  of  so  low  an  order  that  hardly  any  dead  tissue  is  pro- 
duced which  can  undergo  hquefaction.    It  must  be  remembered 
that  '  pus  '  is  a  clinical  term,  and  though,  of  course,  in  the  above 
example,  pathologically,  the  process  is  identical,  excepting  in 
degree,  with  the  process  obtaining  in  the  formation  of  a  large 
abscess,  it  is  convenient  to  say  that  in  the  one  case  pus  is  formed, 
m  the  other  case  it  is  not  formed. 

A  condition  of  this  kind  obtains  in  all  '  aseptic  surgery.'  We 
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can  hardly  imagine  that  a  surgical  operation,  even  when  carried 
out  with  the  greatest  care,  is  absolutely  aseptic  in  a  bacterio- 
loaical  sense— the  impossibiHty  of  sterilising  the  skin  in  any  case 
precludes  this ;  but  we  must  assume,  since  the  inflammation  is 
minimal,  that  irritation  has  been  minimal,  and  that  though  some 
micro-organisms  have  gained  access  to  the  wound  during  the 
operation,  they  have  been  so  few  and  of  such  a  kind  that  the  body 
has  destroyed  them  before  they  have  been  able  to  multiply  and 
form  any  important  amount  of  toxin. 

The  observations  of  Schenk  and  Lichtenstein  upon  the  secre- 
tion of  '  aseptic  '  wounds  are  well  in  accord  with  the  view  set 
forth  above.  They  found  that  the  secretion  is  only  exceptionally 
sterile.  Staphylococcus  ptjogenes  alhus  being  generally  present. 
Staphylococcus  pyogenes  aureus  was  only  found  once  in  a  large 
number  of  cases,  and  Streptococcus  pyogenes  never.  The  micro- 
organisms are  almost  always  without  pathogenetic  action  on 
animals,  and  are  present  in  largest  numbers  on  the  second  day 
after  operation.  By  about  the  fifth  day  the  secretion  becomes 
quite  sterile  unless  infection  subsequent  to  the  operation  has 
occurred. 

At  the  other  extreme  to  that  obtaining  in  aseptic  surgery  we 
also  find  cases  in  which  pus  is  not  formed.  If  the  irritant  be  very 
intense,  or,  particularising,  if  being  a  micro-organism  it  forms  a 
toxin  of  very  great  intensity,  either  paralysis  of  wandermg  cells 
or  negative  chemiotaxis  occurs,  with  the  result  that  hardly  a 
wandering  cell  is  found  at  the  seat  of  irritation.  In  these  cases 
the  intensity  of  the  irritant  may  be  sufficient  to  cause  so  rapidly 
spreading  a  destruction  of  tissue,  that  sufficient  time  is  hardly 
given  for  the  development  of  inflammation,  or  the  disorganised 
tissue  may  become  softened  by  infiltration  with  exuded  inflamma- 
tory fluid  in  which  no  leucocytes  are  found.  These  conditions  are 
not  very  infrequently  found  in  internal  organs,  when  septic  emboh 
of  exceptional  virulence  have  lodged  within  the  blood-vessels. 
Microscopically  complete  disorganisation  of  the  tissue  may  be 
recognisable  and  yet  no  pus  is  formed.  In  the  condition  known 
as  acute  yellow  atrophy  a  large  portion  of  the  liver  may  be  in 
such  a  softened  condition  as  this. 

A  condition  lying  between  the  above  and  definite  pus-formation 
occurs  in  septic  cellulitis,  where  inflammation  spreads  very  rapidly 
in  the  cellular  subcutaneous  tissue  of  perhaps  a  whole  limb  m  a 
few  hours  The  copious  inflammatory  exudation  fluid  m  these 
cases  contains  wandering  cells,  it  is  true,  and  in  considerable 
numbers,  but  the  fluid  is  sero-purulent  and  is  not  pus.    In  very 
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severe  inflammations  of  this  description,  the  irritant  may  have 
produced  changes  in  the  vessel  walls,  so  severe  that  actual 
hemorrhage  takes  place,  and  the  exudation  is  not  only  sero- 
purulent  but  is  also  blood-stained. 

The  intensity  of  the  irritant  is  therefore  of  great  importance 
in  determining  pus-formation.  It  must  neither  be  too  great  nor 
too  small,  for  under  either  of  these  conditions  pus  is  not  formed. 
After  what  has  already  been  said,  it  is  unnecessary  to  repeat  that 
the  nature  and  the  vitality  of  the  tissue  upon  which  the  irritant 
acts  must  be  considered  along  with  the  intensity  of  the  irritant 
itself  in  this  connection. 

•2.  Nature  of  Irritant — Pyogenetic  Micro-organisms. — We 
must  now  consider  the  nature  of  the  irritant  in  connection  with 
pus-formation. 

After  Ogston  of  Aberdeen  had  in  1881  made  known  the  fact, 
that  in  every  one  of  the  large  number  of  acute  abscesses  which 
he  examined  he  found  the  presence  of  micro-organisms,  and  after 
this  statement  had  been  confirmed  by  several  other  observers,  it 
was  for  a  short  time  held  that  pus-formation  is  essentially  a 
result  of  microbial  action,  and  that  where  no  micro-organisms 
are  present,  there  no  pus  is  formed.  But  this  view  was  not 
universally  accepted.  It  was  found  by  several  investigators, 
if  silver  nitrate,  mercury,  turpentine,  ammonia,  mixtures  of 
croton  and  olive  oils,  and  many  other  substances  be  placed  under 
the  skin  with  antiseptic  precautions,  that  a  fluid  indistinguishable 
from  pus  is  produced.  For  some  time  these  experiments  were 
inconclusive,  because  of  the  difficulty  in  procuring  complete 
asepsis.  Moreover,  supporters  of  the  view  that  bacteria  are 
essential  to  pus-formation  were  strengthened  in  their  contention, 
that  in  cases  of  so-called  sterile  pus,  asepsis  was  not  complete, 
by  the  undoubted  fact  that  the  more  stringent  the  precautions 
taken,  the  less  common  is  it  for  pus  to  be  produced.  But  when 
Councilman  and  Wyssokowitcli  and  Buchner  made  known  the 
results  of  their  several,  experiments,  it  was  allowed  that  the 
presence  of  living  micro-organisms  is  not  essential  to  pus- 
formation,  however  commonly  the  two  conditions  may  co-exist. 
Councilman  introduced,  with  strict  antiseptic  precautions,  sterile 
glass  capsules  containing  a  sterilised  mixture  of  croton  and 
olive  oils  under  the  skin  of  animals  and  allowed  the  wounds  to 
heal  completely.  When  healing  was  complete,  he  broke  the 
capsules  subcutaneously  by  a  smart  blow  on  the  surface,  and 
thus  the  irritant  came  to  act  upon  the  tissues  under  conditions 
in  which  apparently  no  suspicion  of  microbial  contamination 
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could  be  entertained.'  Wyssokowitch  and  Buchner  worked  with 
sterilised  cultures  of  micro-organisms,  among  which  M-ere  B. 
anthracis,  Stre/ptococcus pijogenes,  Staphylococcus pijogenes  aureus, 
B.  prodigiosus,  B.  suhtilis,  and  many  others  :  in  spite  of  the  fact 
that  in  all  cases  the  micro-organisms  inoculated  were  dead,  with 
all  of  them  a  sterile  pus  was  produced. 

In -this  position  the  question  is  at  the  present  day,  and  we 
may  say  that  pus-formation  is  not  indissolubly  bound  up  with 
the  presence  of  bacteria,  for  many  chemical  substances,  if 
inoculated  under  strict  aseptic  conditions  into  living  tissues, 
may  produce  a  pus  which  is  completely  sterile.  Nevertheless  in 
the  vast  majority  of  cases  pus-formation  and  the  presence  of 
bacteria  are  linked  together.  However,  even  if  bacteria  be 
present,  it  is  not  necessary  that  they  should  be  living,  for 
Buchner  showed  that  pus-formation  is  more  closely  bound  up 
with  the  bodies  of  bacteria  than  with  the  toxins  which  those 
bacteria  produce  when  living  (extra-cellular  poisons).  For  he 
found  that  when  a  cultivation  in  broth  is  filtered,  the  sterile 
filtrate  which  contains  the  extra-cellular  poison  does  not  lead- 
to  abscess-formation  when  injected  subcataneously  with  strict 
antiseptic  precautions,  whereas  the  bodies  of  the  bacteria,  after 
repeated  washing  has  freed  them  from  all  traces  of  the  filtrate, 
and  after  they  have  been  killed,  lead  invariably  to  the  formation 
of  sterile  abscesses  when  injected  subcutaneously  in  sufficient 
quantities.  Whether  the  abscess-formation  in  the  latter  case  is 
due  to  the  action  of  the  intra-cellular  poison  or  to  the  physical 
properties  of  the  bacteria,  or  to  both  of  these,  it  is  impossible  to 
say  at  present.  Whichever  explanation  be  the  true  one,  it  is 
nevertheless  certain  that  when  bacteria  are  living  and  multiply- 
ing, the  chances  of  pus-formation  are  increased.  A  number  of 
dead  bacteria  sufficient  to  produce  macroscopic  suppuration  can 

'  When  we  come  to  consider  latency  of  bacteria  we  shall  see  that  micro-organisms 
may  apparently  remain  quiescent  in  the  tissues  until  some  condition  of  lowered  resist- 
ance on  the  part  of  their  host  renders  their  multiplication  possible.  Councilman  s 
experiments  are  not  quite  conclusive,  therefore,  as  it  is  possible  that  micro-organisms 
might  have  gained  access  to  the  depth  of  the  wound  when  introducing  the  glass 
capsules,  and  have  remained  latent,  until  the  injury  produced  by  the  blow  necessary 
for  fracture  of  the  capsule  and  the  irritation  produced  by  the  fragments  of  glass  and 
by  the  mixture  of  oils  had  lowered  the  vitality  of  the  tissues  to  such  an  extent  that 
they  could  no  longer  resist  growth  of  the  bacteria.  The  fact,  too,  that  no  cultivations 
can  be  obtained  from  any  pus  produced  in  this  way  does  not  necessarily  prove  that 
bacteria  had  no  part  in  the  pus-formation  ;  at  most  it  proves  that  no  living  bacteria 
were  present  of  such  a  kind  as  normally  grow  on  the  usual  laboratory  media. 
is  but  another  example  of  the  difficulty  of  obtaining  absolute  proof  in  scientific 
investigations. 
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hardly  be  introduced  into  the  tissues,  except  experimentally  ; 
for  the  production  of  suppuration  by  living  bacteria,  the  initial 
number  introduced  may  be  very  small,  and  thus  an  accidental 
entrance  may  be  easily  effected. 

One  of  the  objections  raised  to  the  above  experiments  by 
supporters  of  the  view  that  pus  is  never  formed  in  the  absence  of 
micro-organisms,  was  that  the  fluid  produced  in  such  experiments 
as  those  of  Councilman  and  Buchner,  though  somewhat  hke  pus, 
is  not  absolutely  like  pus.    They  therefore  maintained  that  in 
these  experiments  pus,  as  the  surgeon  understands  the  term,  is 
not  produced.     It  must  be  granted  that  in  most  cases  this 
objection  is  reasonable,  if  by  pus  is  meant  such  a  fluid  as  is 
obtained  from  an  acute  abscess  ;  but  when  one  bears  in  mind 
that  in  cold  abscesses  the  fluid  is  frequently  curdy,  that  instead 
of  cells  one  generally  finds  only  a  granular  and  amorphous 
debris,  and  that  in  spite  of  these  differences  the  surgeon  still 
speaks  of  the  fluid  as  'pus,'  the  objection  cannot  be  allowed. 
According  to  Janowski   the  morphology  of  pus  is  the  same 
whether  it  is  caused  by  micro-organisms  or  by  sterile  chemical 
in-itauts,  such  as  mercury.    He  found  that  not  only  are  the  same 
kinds  of  cell  present  in  both  cases,  but  that  the  stages  in  the  pus- 
foi-mation  follow  one  another  in  the  same  ofder  (though  more 
rapidly  when  the  pus  is  caused  by  chemical  irritants).    In  all 
cases,  therefore,  septic  and  aseptic,  the  fundamental  processes  are 
the  same,  and  whether  the  irritant  be  living  or  non-hving,  as- 
suming, that  the  intensity  of  the  irritant  and  the  reaction  of  the 
tissues  are  suitable,  persistence  of  irritant  action  may  lead  to 
pus-formation.    It  is,  however,  probable  that  where  the  irritant 
is  particulate,  the  hability  to  pus-formation  is  greater  than  under 
the  opposite  conditions  ;  this,  no  doubt,  is  because  in  the  former 
case  persistence  of  irritant  action  at  a  given  spot  is  more  readily 
attained. 

Under  suitable  conditions  the  presence  of  any  species  of 
micro-organism  may  theoretically  be  associated  with  pus-forma- 
tion, and  examples  of  pus-formation  in  connection  with  bacteria 
which  do  not  usually  lead  to  suppuration  are  by  no  means  rare. 
Thus  B.  diphthericB  and  V.  cholercB  asiaticce,  when  introduced 
subcutaneously  into  animals  whose  resistance  to  these  micro- 
organisms is  very  considerable,  readily  cause  the  formation  of 
localised  abscesses.  In  man,  B.  typliosus,  B.  diphthericB,  and 
M.  pneumonia}  are  known  to  lead  to  pus-formation,  the  last 
micro-organism  being  very  commonly  found  in  purulent  otitis 
media,  in  empyema,  and  in  certain  cases  of  suppurative  peri- 
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tonitis,  arthritis,  and  meningitis,  and  the  first-mentioned  having, 
been  found  in  pm^e  cultivation  in  the  abscesses  which  sometimes- 
occur  in  the  later  stages  of  typhoid  fever.  In  the  case  of 
B.  (?'i)j)/ii/im«?,  infection  may  take  place  from  the  mouth  apart  from 
actual  diphtheria,  since  this  micro-organism  is  not  infrequentlv 
found  in  healthy  persons :  two  cases  of  this  description  are- 
mentioned  by  Hala, 

But  though  any  species  of  micro-organism  may  theoretically 
be  associated  with  pus-formation,  and  though  some  species,, 
generally  not  associated  with  suppuration,  on  rare  occasions  have- 
actually  been  known  to  cause  suppuration,  certain  of  the 
micrococci  are  so  frequently  found  along  with  pus  that  they  are 
termed  'pyogenetic  cocci.'  Of  these  the  commonest  are' 
Siaphijlococcus  2^yogc)ies  aureus  and  albus,  StrejJtococciis 
pyogenes,  Micrococcus  gonorrhoece,  and  Micrococcus  pneumonice.. 
Besides  micrococci  certain  bacilli  and  moulds  are  also  associated, 
with  pus-formation.  Such  are  B.  tuberculosis,  especially  when  it 
affects  bones  and  joints,'  B.  anthracis,  which  causes  '  mahgnant 
pustule  '  in  man,  B.  pyocyaneus,  which  from  the  formation  of  a. 
soluble  pigment  (pyocyanin)  causes  pus  in  which  this  micro- 
organism is  present  to  take  on  a  bluish-green  colour,  and  various 
Btreptotliriccce. 

(c)  Modes  of  Spread  of  Pyogenetic  Micro-organisms. — When 
describing  the  process  of  abscess-formation,  it  was  said  that 
an  abscess  increases  in  size  by  disintegration  into  pus  of  that, 
portion  of  the  abscess  wall  which  is  immediately  in  contact  with, 
the  pus  that  is  already  formed.  Besides  this  mode  of  extension 
by  continuity  of  tissue,  the  suppurative  effects  of  an  irritant  may 
spread  in  two  ways :  (1)  by  the  lymphatics,  (2)  by  the  blood- 
stream. 

1.  By  the  Lymphatics. — When  an  irritant  spreads  by  the 
lymphatics  its  action  may  become  marked  at  a  considerable- 
distance  from  the  point  of  entry  of  the  irritant.  Thus,  an  abscess 
in  the  inguinal  region  may  depend  upon  a  septic  abrasion  on  the 
heel  or  on  the  external  genitals,  an  abscess  in  the  axilla  may 
depend  upon  a  septic  wound  on  the  hand.  When  such  an  abscess, 
occurs  it  is  situated  in  the  corresponding  lymphatic  glands,  at 
any  rate  at  first,  and  the  reason  why  the  irritant  produces  an 
abscess  here,  instead  of  at  its  point  of  entry,  is  because  the- 
lymph-flow  from  the  infected  abrasion  carries  the  irritant  along. 

'  The  suppuration  which  occurs  when  B.  tuberculosis  affects  the  lungs  is  due 
rather  to  the  pyogenetic  cocci  which  gain  access  to  the  tuberculous  foci  than  to  the- 
tubercle  bacilli  themselves ;  the  condition  is  one  of  '  mixed  infection.' 
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with  it  to  the  nearest  lymphatic  gland  before  time  has  been  given 
for  the  formation  of  an  abscess  round  the  original  point  at  which 
the  micro-organism  entered.  Once  lodged  in  the  gland,  however, 
the  conditions  are  such  that  multiplication  in  situ  of  the  bacterial, 
irritant  is  possible,  and  hence  it  produces  an  inflammation  which 
ends  in  suppuration.  A  small  amount  of  pus,  however,  is 
generally  formed  at  the  seat  of  abrasion  also.  Negative  chemio- 
taxis  or  feeble  positive  chemiotaxis  at  the  seat  of  entry  of  the 
micro-organism  undoubtedly  also  plays  a  part ;  whether  because 
of  the  virulence  of  the  micro-organism,  or  because  of  the  feeble 
resisting  power  of  the  individual,  or,  most  commonly,  because 
both  factors  are  conjoined,  the  bacteria  are  not  destroyed  locally, 
but  in  a  living  and  active  condition  travel  by  the  lymphatics  to  a 
gland - 

Under  ordinary  circumstances  the  lymphatic  vessels  of  the 
part  show  no  signs  of  implication  in  the  process — they  are  simply 
paths  whereby  the  irritant  travels ;  but  sometimes,  and  especially 
if  the  irritant  is  of  high  intensity,  inflammation  occurs  in  the- 
walls  of  the  lymphatic  vessels  and  in  their  immediate  neighbour- 
hood, giving  rise  to  the  appearance  of  those  fine  red,  and  perhaps 
painful,  lines  on  the  surface  of  the  limb  which^  mark  the  course 
of  the  inflamed  superficial  lymphatics  and  are  characteristic  of 
lymphangeitis.  On  the  other  hand,  lymphangeitis  may  occur 
without  obvious  implication  of  the  lymphatic  glands. 

It  is  not  clear  whether  lymphangeitis  itself  actually  depends 
upon  the  presence  of  bacteria  or  upon  that  of  toxic  substances 
formed  at  the  initial  lesion.  The  fact  that  the  lymphangeitis  may 
extend  from  the  wrist  to  the  axilla  in  less  than  twelve  hours, 
and  that  even  then  suppuration  in  the  axillary  glands  need  not 
occur,  favours  the  view  that  it  is  sometimes  caused  by  toxic 
substances  alone. 

2.  By  'the  Blood-stream. — FycBmia,  Septiccemia,  and  Sap- 
rcemia ;  Ulcerative  Endocarditis. — When  an  irritant,  such  as 
Staphylococcus  i^yogenes  aureus  or  Streptococcus  pyogenes,  gains 
access  to  the  blood-stream,  its  effects  vary  according  to  circum- 
stances. Probably  in  some  cases  it  is  followed  by  no  ill  effects, 
for  experiment  shows  that  the  blood  is  capable  of  destroying  con- 
siderable numbers  of  bacteria  when  they  are  injected  into  the 
veins  of  healthy  animals  ;  but  with  such  cases  we  are  not  con- 
cerned at  present.  If,  however,  the  micrococcus  be  of  the  right 
degree  of  virulence  to  lead  to  pus-formation,  and  if  it  become 
lodged  anywhere  as  a  septic  embolus,  it  probably  always  causes 
a  local  abscess.    If,  on  the  other  hand,  it  be  of  so  great  a  degree 
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of  virulence  that  it  leads  to  negative  chemiotaxis,  abscess-forma- 
tion is  out  of  the  question. 

The  two  last-mentioned  conditions  correspond  in  some  degree 
with  the  clinical  conditions  of  pyaemia  and  septicasmia  in  which 
micro-organisms  have  gained  access  to  the  blood-stream.  Along 
with  pyemia  and  septicaemia,  it  is  convenient  to  consider  an  allied 
condition  known  as  sapraemia.  Popularly  these  three  states  are 
confounded  under  the  one  name  of  '  blood-poisoning ; '  patho- 
logically they  form  one  part  of  the  entire  subject  of  '  bacteriaemia.' 

Pyaemia,  septicasmia,  and  sapraemia  have  many  points  in 
common  so  far  as  the  clinical  symptoms  met  with  in  these 
conditions  are  concerned,  but  there  are  certain  fundamental 
differences  between  the  pathological  processes  in  the  three  cases. 
Sapraemia — also  called  septic  intoxication — is  the  simplest,  and 
will  be  described  first.  It  agrees  with  septicaemia  and  pyaemia  in 
that  it  depends  upon  the  growth  of  micro-organisms  and  the 
formation  of  poisonous  substances  by  them ;  it  also  depends  upon 
the  action  of  those  toxic  substances  on  the  body.  But  sapraemia 
differs  from  pyaemia  and  septicaemia  in  that  the  micro-organisms 
need  not  necessarily  be  capable  of  life  within  the  blood  and  tissues, 
whereas  in  pyaemia  and  septicaemia  the  micro-organisms  not  only 
are  capable  of  life  within  the  blood  and  tissues,  but  actually  gain 
access  to  them,  are  carried  in  a  living  condition  to  distant  parts 
and  produce  toxic  substances  within  the  body  itself.  Though  we 
must  allow  that  both  in  pyaemia  and  in  septicaemia  the  symptoms 
of  the  disease  are  due  to  the  toxic  substances  formed  by  the  micro- 
organisms rather  than  to  the  actual  presence  of  the  micro- 
organisms as  such  in  the  blood  or  tissues,  there  are  the  funda- 
mental differences  between  sapraemia  on  the  one  hand,  and 
pyaemia  and  septicaemia  on  the  other  hand,  that  in  sapraemia  the 
laboratory  for  the  preparation  of  toxin  is  physiologically  outside 
the  body  and  the  micro-organisms  concerned  may  be  putrefactive 
and  not  pathogenetic  micro-organisms,  while  in  pyaemia  and 
septicaemia  the  laboratory  for  preparation  of  the  toxin  is  in  great 
part  physiologically  within  the  body  and  the  micro-organisms 
concerned  are  necessarily  pathogenetic. 

Now  since  in  sapraemia  the  micro-organisms  are  sometimes 
putrefactive  and  incapable  of  existence  in  living  tissues,  it  follows 
that  for  the  occurrence  of  these  cases  not  only  must  such  micro- 
organisms be  present,  but  also  dead  material  capable  of  under- 
going putrefaction  must  be  present  also.  Moreover,  since  the 
symi)toms  of  the  disease  are  caused  by  the  chemical  products 
which  these  micro-organisms  form  in  the  dead  material,  it  follows 
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that  those  products  must  be  in  close  connection  with  a  large 
absorbing  area  of  the  living  body  itself.  Such  conditions  as  these 
are  fulfilled  when  putrefaction  occurs  in  portions  of  placenta  left 
in  the  uterus  after  parturition,  or  in  inflammatory  exudation  that 
has  collected  in  the  peritoneal  cavity  after  abdominal  operation, 
or  in  the  fluid  contained  in  deep  abscesses  or  cysts.  In  these 
and  similar  cases  there  is  a  cavity — physiologically  outside  the 
body — which  holds  a  putrescible  material,  and  if  putrefactive 
micro-organisms  gain  access  to  this  material,  the  chemical  pro- 
ducts of  putrefaction  are  absorbed  from  the  cavity  by  the  body 
and  produce  the  clinical  symptoms  of  saprsemia. 

Further,  since  the  symptoms  of  saprsemia  are  due  to  the 
absorption  of  a  chemical  poison,  the  severity  of  those  symptoms, 
speaking  generally,  will  be  proportionate  to  the  amount  of  poison 
absorbed,  and  therefore  to  the  extent  of  the  absorbing  area  and 
the  amount  of  material  undergoing  putrefaction.  And  since  the 
chemical  poisons  in  the  blood  are  constantly  being  eliminated  by 
excretory  glands,  in  particular  by  the  kidney,  it  follows  that  if 
the  putrefying  material  is  removed,  absorption  must  cease,  and 
the  symptoms  must  disappear.  But  whether  the  condition  is 
originated  by  putrefactive  or  by  pathogenetic  micro-organisms  it 
is  essentially  a  toxinsemia. 

That  this  is  the  true  explanation  of  saprsemia  was  experi- 
mentally shown  long  ago  by  Panum,  who  produced  the  condition 
in  animals  by  injecting  into  them  putrid  solutions  which  he  had 
previously  boiled,  and  thereby  had  freed  from  all  living  elements. 
He  also  produced  the  same  condition  by  injecting  a  solid  sub- 
stance which  he  separated  from  putrid  solutions  by  precipitation 
with  alcohol. 

The  actual  condition  of  sapraamia  being  due  to  the  presence  in 
the  blood  of  chemical  substances  unaccompanied  by  living  micro- 
organisms, it  follows  that  if  blood  taken  from  an  individual 
suffering  with  saprsemia  were  injected  into  a  healthy  individual 
the  effect  produced  in  him — apart  from  accidents — ^would  depend 
upon  the  amount  of  toxin  introduced  with  the  injected  blood. 
Since  the  toxin  thus  introduced  would  be  spread  over  the  whole 
body  of  the  second  individual,  and  would  be  rapidly  excreted  by 
him,  the  experiment  (unless  the  amount  of  toxic  blood  injected 
were  enormous  or  the  recipient  particularly  susceptible)  would  be 
followed  by  no  ill  effects  of  any  kind  ;  in  particular,  the  second 
individual  would  not  become  affected  with  saj^raDmia.    But  if 
the  disease  of  the  first  patient  were  not  saprtemia,  but  septicaemia 
or  pyaemia,  the  case  would  be  quite  different;    For  it  has  been 
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already  stated  that  in  these  two  conditions  micro-organisms  gain 
access  to  the  blood,  and  are  capable  of  existence  in  it  and  the 
living  tissues.  If,  then,  blood  from  an  individual  suffering  from 
pyaemia  or  septicsemia  were  injected  into  a  healthy  individual, 
not  only  would  chemical  substances  of  bacterial  origin  be  injected, 
but  also  with  them  would  perhaps  be  injected  micro-organisms 
which  (leaving  questions  of  immunity  out  of  consideration)  would 
be  capable  of  existence  in  the  second  individual.  In  thig  second 
individual  the  micro-organisms  would  multiply,  form  toxin,  and 
reproduce  the  pyEemic  or  septicsemic  condition.  Pytemia  and 
septicemia  are  infective  diseases  ;  saprsemia  is  not  infective. 

We  may  now  consider  the  differences  between  pyaemia  and 
septicaemia. 

The  first  point  of  difference  between  these  two  conditions  is 
that  in  pyaemia  secondary  abscesses  are  formed,  in  septic- 
aemia no  abscesses  are  formed.  In  both  conditions  the  same 
species  of  micro-organism  may  be  concerned,  in  both  it  must 
have  gained  access  to  the  blood-stream  and  must  be  capable  of 
living  in  the  blood-stream,  in  both  it  must  multiply  in  the  blood- 
vessels and  form  toxin ;  but  from  a  clinical  point  of  view,  at  least, 
this  difference  with  regard  to  abscess-formation  is  fundamental. 

The  fact  that  in  pyaemia  secondary — or,  as  they  are  also  called, 
metastatic — abscesses  are  formed,  indicates  that  the  action  of  the 
micro-organism  is  localised  to  certain  points,  and  commonly  it  is 
only  at  the  seat  of  these  abscesses  that  the  micro-organisms  can 
be  found ;  they  are  not  found  in  the  blood  generally,  or  if  present 
they  are  only  present  in  very  scanty  numbers.  The  abscesses  are 
very  often  secondary  to  some  purulent  focus  elsewhere  in  the 
body,  especially  when,  that  focus  is  closely  connected  with  the 
venous  system.  Of  all  conditions  liable  to  be  the  starting  point 
of  pyaemia  a  septic  venous  thrombosis  is  the  most  common.  Thus 
pyaemia  may  occur  after  parturition  when  the  clots  in  the  uterine 
sinuses  are  invaded  by  pyogenetic  micro-organisms  from  the 
uterine  surface.  So  also  septic  thrombosis  x>f  a  lateral  sinus 
secondary  to  ear  disease  is  very  often,  followed  by  the  formation 
of  pyaemic  abscesses  in  other  parts.  In  either  case,  as  the  result 
of  the  growth  of  the  micro-organisms  and  the  softening  of  the 
clot,  portions  of  the  clot  with  the  attached  micro-organisms  are 
broken  off,  carried  away  in  the  blood-stream  and  lodged  in  various 
parts,  of  which  the  lungs  are  the  most  common.  A  supj)urative 
condition  of  the  medulla  of  long  bones— septic  osteomyelitis^is 
also  a  common  starting  point  for  the  formation  of  pyaemic 
abscesses  elsewhere. 
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In  pyaemia  the  micro-organisms  concerned  are  always  pyo- 
genetic.  In  the  vast  majority  of  cases  they  belong  to  the  group 
of  '  pyogenetic  cocci,'  and  of  these  Staphylococcus  pyog enes  aureus. 
Streptococcus  pyogenes,  Micrococcus  gonorrhcece,  or  Micrococcus. 
pneunionicB  is  likely  to  be  present.  Nevertheless,  B.  typhosus, 
B.  mallei  (glanders),  B.  pyocyaneus,  B.  pneumonia  (Friedlander), 
and  B.  coli  have  also  been  described  as  canses  of  pysemia.  In 
septicaemia  the  micro-organisms  must  be  pathogenetic,  but  need 
not  be  pyogenetic,  though  if  the  term  '  septicaemia '  be  restricted 
lo  those  cases  which  clinically  are  known  as  such,  the  pyogenetic 
micro-organisms,  and  especially  a  micrococcus  in  short  chains  which 
on  artificial  cultivation  shows  itself  to  be  Streptococcios  pyogenes, 
are  the  organisms  by  far  the  most  commonly  found. 

From  a  pathological  point  of  view  septicaemia  is  but  a  special 
example  of  the  condition  known  as  '  bacteriaemia,'  in  which 
micro-organisms  of  any  sort  have  gained  access  to  the  blood,  are 
living  therein  for  a  longer  or  shorter  time,  and  can  be  obtained 
from  it.  Thus  in  animals  such  as  the  guinea-pig  and  the  rabbit, 
anthrax  is  a  bacteriaemic  disease,  for  the  blood-vessels  throughout 
the  body  are  crowded  with  anthrax  bacilli.  Even  with  infective 
diseases  which  are  strictly  localised  under  usijal  circumstances, 
such  as  erysipelas  when  inoculated  experimentally  in  the  rabbit's 
ear,  it  is  found  in  most  cases  that  a  short  time  before  death 
bacteriaemia  results  and  the  streptococci  are  to  be  obtained  from 
the  heart's  blood.  And  there  is  reason  to  believe  that  in  a  large 
number  of  local  infective  diseases  in  which  death  ensues  some 
little  time  after  inoculation,  or  in  which  the  resisting  powers  of 
the  individual  are  very  small,  the  last  stage  of  the  disease  consists 
in  the  production  of  a  general  blood  infection. 

We  are  not  well  acquainted  with  the  conditions  in  man  with 
reference  to  this  point,  but  at  least  in  diphtheria  it  is  certain  that 
in  rare  cases  diphtheria  bacilli  gain  access  to  the  blood,  and  after 
death  are  to  be  obtained  from  the  spleen,  heart's  blood,  &c.,  how- 
ever strictly  the  bacilli  may  have  been  localised  in  the  superficial 
tissues  during  the  earlier  portion  of  the  disease.  So  also  erysipelas 
in  man  sometimes  terminates  in  a  general  pyaemia,  and  cases  of 
generalised  vaccinia,  with  production  of  scattered  vaccinia  vesicles 
•over  the  body,  have  been  recorded,  though  they  are  not  common. 
In  influenza,  too,  the  disease  is  probably  localised  for  a  short  time 
in  the  tissues  before  it  invades  the  blood  secondarily  and  produces 
a  condition  which  is  essentially  a  bacteriasmia.  The  same  is  true 
in  reference  to  typhoid  fever,  excepting  that  here  the  intestinal 
lesion  has  long  been  recognised,  while  the  bacteriaemic,  and  there- 
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fore  general,  nature  of  the  disease  has  only  recently  been  dis- 
covered. 

Both  in  pyaemia  and  in  septicaemia  the  extent  of  the  initial 
lesion  by  which  the  micro-organisms  concerned  effect  their  entrance 
into  the  body  is  of  comparatively  little  importance ;  a  mere  scratch 
is  sufficient  to  allow  of  the  development  of  a  fatal  septicaemia  if 
the  micro-organisms  are  of  excessive  virulence.  For  some  reason 
with  which  we  are  as  yet  imperfectly  acquainted,  micro-organisms 
which  have  multipHed  in  the  peritoneal  cavity  are  of  such  excep- 
tional virulence,  and  it  is  for  this  reason  that  wounds  incurred  by 
pathologists  while  performing  autopsies  are  far  more  liable  to  be 
followed  by  septicaemia  when  the  case  has  been  one  of  septic 
peritonitis  than  when  the  patient  has  died  of  any  other  disease. 
In  such  cases  the  micro-organism  is  almost  always  a  short  strepto- 
coccus which  is  present  in  the  body  during  the  first  few  hours 
after  death.  An  autopsy  made  upon  a  peritonitis  case  that  has 
been  dead  twenty-four  hours  or  more,  though  far  more  offensive, 
is  far  less  dangerous  to  the  pathologist  than  one  made,  say,  three 
hours  after  death. 

Ulcerative  Endocarditis— In  the  cases  of  pyaemia  hitherto 
considered  a  primary  focus  of  suppuration  is  generally  recognis- 
able, but  not  infrequently  multiple  abscesses  appear  in  different 
parts  of  the  body  without  the  existence  of  any  obvious  initial 
suppurative  lesion.  In  these  cases  cardiac  symptoms  and  mur- 
murs are  often  present,  and  after  death  an  ulcerative  condition 
of  the  cardiac  valves  is  found.  The  cardiac  lesion  is  here  the 
immediately  antecedent  cause  of  the  pyaemic  abscesses,  for  in  the 
vegetations  on  the  valves  pyogenetic  micro-organisms  are  con- 
stantly present ;  Streptococctis  pyogenes,  Micrococcus  pneumonicB, 
and  Micrococcus  gonorrhceoi  have  all  been  found  in  the  vegeta- 
tions. Where  this  is  the  case,  association  of  the  secondary 
abscesses  with  embolism  of  particles  of  the  septic  vegetations  on 
the  valves  is  easy,  especially  m  view  of  the  fact  that  in  these  cases 
the  metastatic  abscesses  are  most  commonly  found  in  the  spleen 
and  kidney,  regions  in  which  simple  embolism  and  infarction  are 
especially  common  in  valvular  disease  of  the  ordinary  kind. 

But  the  exact  meaning  of  the  valvular  condition  itself  is  not 
so  easy  to  determine.  Probably  in  the  majority  of  cases  the 
ulcerative  condition  is  superposed  upon  an  old  simple  chronic 
valve  lesion.  But  for  this  to  occur  it  is  necessary  that  the  micro- 
organisms present  in  the  vegetations  .should  previously  have 
gained  access  to  the  blood.  In  some  cases,  as  for  example  when 
the  valvular  lesion  is  associated  with  the  presence  of  gonococci  m 
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the  vegetations,  we  may  regard  the  ulcerative  endocarditis  as  a 
direct  result  of  infection  of  the  blood  at  the  seat  of  local  gonor- 
rhoeal  suppuration  in  the  urethra  or  vagina,  and  the  metastatic 
abscesses  in  the  organs  as  direct  effects  of  embolism  from  the 
cardiac  valves.  In  that  c^se  the  urethral  suppuration  is  primary, 
the  ulcerative  endocarditis  is  secondary,  the  metastatic  abscesses 
are  tertiary.  In  other  cases  the  cardiac  condition  is  itself  a  ter- 
tiary manifestation,  for  in  ulcerative  endocarditis  the  valves  on 
the  left  side  of  the  heart  are  almost  always  involved  to  a  greater 
extent  than  those  on  the  right  side,  and  unless  the  valves  on  the 
left' side  have  been  directly  infected  by  emboli  sufficiently  small 
to  pass  through  the  pulmonary  capillaries,  it  is  necessary  that  a 
secondary  focus  of  suppuration  should  be  formed  in  the  lungs 
from  which  the  left  valves  of  the  heart  may  be  tertiarily  affected. 
As  a  matter  of  fact,  where  the  starting  point  of  a  pyaemia  is  a 
septic  venous  thrombosis,  secondary  abscesses  in  the  lungs  are 
common,  and  hence  tertiary  affection  of  the  left  cardiac  valves 
may  readily  be  explained.  Nevertheless  it  is  also  conceivable  that 
groups  of  two  or  three  living  cocci  may  become  detached  from 
the  primary  focus  and  circulate  independently,  passing  through  the 
pulmonary  capillaries  and  becoming  ultimately  attached  to  the 
valvular  endocardium  at  the  lines  where  the  segments  of  the  valves 
come  into  contact  during  cardiac  systole.  In  this  way  the  occur- 
rence of  ulcerative  endocarditis  as  a  secondary  manifestation  would 
be  rendered  possible. 

There  exists,  however,  a  not  inconsiderable  number  of  cases 
in  which  the  ulcerative  endocarditis  is  apparently  primary.  That 
it  is  so  in  reality  our  knowledge  concerning  infection  of  the  blood 
forbids  us  to  believe.  Except  in  experimental  cases  we  cannot 
conceive  that  micro-organisms  should  ever  directly  gain  access  to 
the  blood.  However  small,  there  must  be  some  local  lesion  in  the 
tissues  by  which  the  micro-organisms  gain  entry  to  the  system, 
and  from  which,  as  a  primary  focus,  the  blood  is  invaded  later. 
In  these  cases  of  apparently  primary  ulcerative  endocarditis  we 
must  assume  that  at  some  time  or  other  a  primary  superficial 
focus  must  have  existed,  though  it  may  never  have  been  recog- 
nised or  may  have  been  forgotten. 

There  are  two  possible  ways  in  which  these  cases  may  be 
explained.  (1)  It  has  been  said  that  an  infective  endocarditis  is 
probably,  in  the  majority  of  cases,  superposed  upon  an  old  simple 
valve  lesion  ;  and  since  even  in  simple  valvular  lesions  micrococci 
are  often  present,  it  is  possible  that  in  some  cases  a  local  exacer- 
'bation  of  the  valve  disease  takes  place  and  that  the  formerly  simple 
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valve  lesion  becomes  directly  ulcerative.    (2)  It  was  shown  by 
T3ecker  that  when  pyogenetic  micro-organisms  are  circulating  in 
the  blood,  abscesses  are  formed  where  tissues  are  in  a  condition 
of  lowered  vitaHty  or  have  been  injured.     Thus,  after  having 
injected  such  micro-organisms  into  the  circulation,  he  fractured 
subcutaneously  certain  of  the  animal's  long  bones  and  found  that 
abscesses  were  formed  at  the  seats  of  fracture.    It  is  probable 
•that  in  the  same  way  a  valve  affected  with  chronic  disease  offers 
a  lower  resistance  to  any  pyogenetic  micro-organisms  that  may 
'be  circulating  in  the  blood.    But  it  is  not  necessary  that  the 
micro-organisms  causing  an  ulcerative  endocarditis  should  have 
first  gained  access  to  the  body  immediately  before  the  endocarditis 
manifests  itself.    It  is  not  yet  known  how  far  micro-organisms 
may  remain  in  the  body  in  what  may  be  termed  a  latent  condi- 
tion.   Possibly  the  bacteria  which  ultimately  cause  an  ulcerative 
endocarditis  may,  in  certain  cases,  have  entered  the  body  long 
previously  by  some  superficial  lesion  and  have  been  hidden  away 
■in  some  tissue  without  giving  rise  to  symptoms  owing  to  their 
low  order  of  virulence,  though  they  are  nevertheless  able  to  start 
active  disease  in  an  injured  part  when  a  cause  intervenes  whereby 
they  gain  access  to  the  general  circulation. 

In  a  certain  number  of  cases  the  inetastatic  abscesses  of 
pyemia  may  even  be  quinary.  This  occurs  in  very  severe  septic 
conditions,  as,  for  example,  when  a  local  venous  thrombosis 
(primary)  gives  rise  to  an  ulcerative  endocarditis  of  the  right  side 
•  of  the  heart  (secondarv),  which  in  its  turn  induces  pulmonary 
abscess  (tertiary)  by  infarction;  from  this  pulmonary  abscess 
•particles  infect  the  valves  of  the  left  side  of  the  heart  (quaternary), 
■and  portions  of  the  vegetations  formed  here  are  lodged  as  emboh 
at  the  situations  where  the  systemic  absc3sses  (quinary)  are 
ultimately  formed. 

We  shall  not  discuss  here  the  fever,  diarrhoea,  albumosuria, 
glycosuria,  and  other  symptoms  which  are  or  may  be  met  with  m 
patients  in  whom  persistence  of  irritant  action  has  led  to  sup- 
puration and  allied  conditions ;  these  phenomena  will  be  more 
appropriately  considered  under  special  headings.  But  it  may 
briefly  be  said  that  absorption  into  the  circulation,  either  directly 
through  the  capillaries  or  indirectly  by  way  of  the  lymphatics 
of  the  chemical  products  of  bacterial  action  leads  to  moditiea 
exercise  of  function  on  the  part  of  .many  organs  and  tissues. 
Probably  also  similar  but  less  marked  results  are  produced  05 
.absorption  of  the  soluble  portions  of  dead  and  dismtegratea 
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tissue  elements,  even  when  solution  has  not  been  brought  about 
by  bacterial  action  (autolysis),  but  on  this  point  we  have  at 
present  little  or  no  definite  information. 

B.  Gangrene  and  Allied  Conditions.— The  other  group  of 
changes  which  result  from  persistence  of  irritant  action— gan- 
grene and  aUied  conditions — is  of  a  somewhat  different  order.  In 
all  cases  irritant  action  is  associated  with  degenerative  changes  of 
tissue  elements,  and  these  changes  may  vary  from  so  slight  a 
condition  that  recovery  of  the  tissue  is  possible,  to  conditions  so 
severe  that  large  tracts  of  tissue  are  killed  outright.  Cases  in 
which  degenerative  change  is  very  slight  do  not  come  within  the 
category  of  pathological  sequels  to  inflammation,  for  it  is  obvious 
that  when  the  degeneration  is  slight  the  irritant  must  be  slight 
also,  and,  in  particular,  its  action  must  not  persist. 

Where  the  degenerative  changes  are  severe,  one  must  distin- 
guish between  the  results  of  irritant  action  according  as  the 
irritant  is  so  severe  that  it  kills  the  tissue  directly  (in  which  case 
the  dead  tissue  is  called  an  '  eschar '),  or  as  death  of  the  tissue 
follows  persistent  action  of  a  somewhat  less  intense  irritant  and 
is  largely  due  to  the  pressure  effects  of  the  exudation  &c.  to 
which  that  irritant  has  given  origin.  In  the  latter  case  death 
of  the  tissue  in  question  is  due  rather  to  simple  starvation  from 
interference  with  the  blood-supply  than  to  direct  irritant  action, 
and  though  it  is  a  true  sequel  of  inflammation  it  is  comparable 
with  the  gangrene  which  occurs  in  a  part  whose  blood-supply  has 
been  cut  off  by  ligature  of  the  nutrient  arteries.  Nevertheless, 
when  a  tissue  has  been  brought  into  a  devitalised  condition  by  the 
direct  action  of  an  irritant,  a  smaller  interference  with  the  blood- 
supply  will  bring  about  its  death  than  would  have  been  necessary 
had  the  tissue  been  in  a  normal  state. 

Death  of  tissues  brought  about  in  this  manner  is  usually 
termed  '  gangrene '  or  '  necrosis,'  and  the  dead  portion  of  tissue 
receives  different  names  according  as  it  consists  of  soft  tissues  or 
of  bone ;  in  the  former  case  it  is  called  a  '  slough,'  in  the  latter 
case  a  'sequestrum.' 

The  term  'necrosis,'  too,  is  frequently,  but  not  invariably, 
restricted  to  death  of  bone  or  cartilage,  but  '  gangrene '  is  used 
to  cover  death  of  a  part  in  which  these  tissues  are  involved. 
For  example,  a  member  such  as  the  foot  undergoes  '  gangrene,' 
though  cartilage  and  bone  are  concerned  in  the  death  as  well  as 
muscle,  skin,  and  other  soft  tissues,  but  in  referring  to  the 
cartilage  and  bone  in  the  same  '  gangrenous '  foot,  the  word 
'  necrosis  '  would  be  employed.    '  Gangrene,'  '  necrosis,'  '  slough,' 
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'sequestrum'  refer  to  death  of  tissue  en  masse  ]  where  the  dead 
tissue  does  not  form  a  macroscopic  quantity  but  is  broken  up  into 
microscopical  fragments,  the  condition,  if  it  concerns  soft  tissues, 
is  called  '  ulceration,'  and  if  it  conceriis  bone,  is  called  '  caries.' 
The  essential  point  about  all  these  terms  is  that  death  involves 
masses  of  cells  aiad  not  individual  cells. 

Gangrene  may  be  induced  in  many  different  ways,  and  will  be 
more  conveniently  considered  along  with  the  pathology  of  i^utri- 
tion  than  along  with  inflammation,  especially  as  the  varieties  of 
gangrene  and  the  changes  undergone  by  a  gangrenous  part, 
which  have  also  to  be  mentioned,  do  not  really  concern  us  at 
present.  Moreover,  for  the  death  of  tissue  in  mass,  persistence 
of  irritant  .action  is  only  of  importance  by  inducing  purely 
mechanical  conditions  which  conceivably  might  be  produced  by 
irritant  action,  if  sufficiently  severe,  without  persistence.  The 
exudation,  for  example,  poured  out  into  the  inflamed  ear  of  a 
rabbit,  may  produce  gangrene,  whether  that  exudation  has  been 
poured  out  rapidly  or  slowly,  if  only  it  is  poured  out  m  sufficient 
quantity.  But  with  ulceration  and  caries  the  case  is  different. 
Here  persistence  of  irritant  action  is  essential,  and  for  this  and 
other  reasons  ulceration  and  caries  come  very  closely  in  contact 
with  suppuration  and  abscess- formation. 

(i)  Ulcepation.— Whenever  an  irritant  has  acted  upon  a 
superficial  tissue,  whether  cutaneous  or  mucous,  and  has  led  to 
death  of  the  superficial  layers  including  the  papiUse  of  the 
corium,  inflammation  takes  place  in  the  deeper  layers.  After  a 
shorter  or  longer  time  the  dead  tissue  is  removed,  whether  it  is 
cast  off  as  a  slough  or  is  removed  piecemeal,  and  a  surface 
denuded  of  skin  or  epithehum,  and  of  varying  extent  and  deptn, 
is  exposed.  Such  an  exposed  area  is  called  an  '  ulcer,'  and  the 
process  whereby  the  dead  material,  at  first  orgamcally  united  witn 
the  living  tissue,  is  separated  therefrom  is  called  '  ulceration. 

In  describing  the  process  of  ulceration,  it  is  advisable  to  bear 
a  specific  instance  in  mind,  and  for  this  purpose  the  changes  that 
take  place  in  a  Peyer's  patch  during  typhoid  fever  are  very 
suitable.  In  this  disease  typhoid  bacilli  gain  access  to  tlie 
Pever's  patches  of  the  ileum  and  there  lead  to  inflammatory 
changes  which,  aided  by  the  direct  action  of  the  poison  local^ 
elaborated  by  the  typhoid  (and  perhaps  other)  bacilh,  cause  deatb 
(gangrene)  of  the  mass  of  lymphoid  tissue  which  constitutes  le 
Peyer's  patch.  From  this  time  forth  the  patch  is  a  foreign  body 
organically  attached  to  the  intestinal  wall.  It  is  therefore  an 
irritant  quite  apart  from  the  fact  that  it  contains  withm  itseir 


ULCEEATION 


291 


typhoid  bacilli  and  their  toxin,  and  that,  being  dead  tissue,  it  is 
rapidly  invaded  by  the  putrefactive  micro-organisms,  of  which  the 
intestinal  contents  hold  large  numbers.  From  the  nature  of  the 
case,  its  action  as  an  irritant  upon  the  deeper  layers  of  the 
intestinal  wall  is  persistent.  Now  we  have  already  seen  that 
persistence  of  irritant  action  leads  to  an  inflammation  that  ends 
in  pus-formation,  and  that  this  is  especially  the  case  when  the 
irritant  is  bacterial.  Such  an  inflammation  occurs  in  the  intestinal 
wall,  and  since  only  living  vessels  and  cells  can  enter  into  the 
actual  production  of  an  inflammation,  it  follows  that  the  seat  of 
the  inflammation  is  the  hving  tissue  beneath  and  around  the  dead 
Peyer's  patch.  So  also  the  seat  of  actual  pus-formation  is  found 
where  the  irritant  is  of  greatest  intensity,  viz.  at  the  junction  of 
the  living  with  the  dead  tissue.  When  the  most  superficial 
layer  of  inflammatory  tissue— that  in  which  the  changes  are 
most  advanced — has  broken  down  into  pus  beneath  the  whole 
extent  of  the  necrosed  Peyer's  patch,  the  slough  is  detached  and 
passes  away  with  the  intestinal  contents,  at  the  same  time  leaving 
bare  the  uppermost  layer  of  the  living  but  inflamed  tissue  of  the 
intestinal  wall  as  the  floor  of  a  '  typhoid  ulcer.' 

The  actual  separation  of  the  slough,  therefore^  takes  place  at 
the  expense  of  living  tissue.  It  is  not  the  necrosed  Peyer's  patch 
which  undergoes  inflammation  nor  the  Peyer's  patch  that  forms 
pus,  any  more  than  it  is  the  lead  whigh  undergoes  inflammation 
or  forms  pus  when  suppuration  occurs  round  a  bullet  that  has 
lodged  in  the  body.  But  in  the  living  tissues  around  the  irritant 
afforded  by  the  slough  there  is  formed  a  zone  where  inflammation 
persists  and  where  pus  is  produced  by  a  liquefaction  of  the 
infiltrated  tissue  lying  next  to  the  slough.  In  ulceration  this 
liquefaction  is  always  carried  out  by  living  phagocytic  cells,  and 
though  the  phagocytes  penetrate  into  the  slough,  and  in  some 
degree  remove  it  also  by  their  digestive  action,  they  more  com- 
monly succumb  to  the  poisons  there  present.  This  zone  of 
mflammation  in  which  pus  is  being  produced  is  usually  called 
the  zone  of  '  separation  '  or  the  zone  of  '  demarcation.' 

Separation  of  a  mass  of  dead  tissue  proceeds  from  the  edges 
inwards.  This  happens,  probably,  because  at  the  edges  bacterial 
action  is  more  pronounced,  and  therefore  the  tendency  to  pus- 
formation  on  the  part  of  the  still  living  tissues  is  greater.  This 
pomt  may  be  very  well  observed  in  the  separation  of  a  gangrenous 
mass,  such  as  a  toe  or  foot.  At  the  junction  of  the  dead,  and 
livmg  tissues,  but  formed  principally,  if  not  entirely,  at  the 
expense  of  the  living  tissues,  there  is  found  a  deep  trough  in 
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which  there  is  a  small  quantity  of  pus.  As  this  trough  becomes- 
deeper  and  deeper,  separation  of  the  gangrenous  mass  advances 
until  at  last  the  whole  mass  is  cast  off.  It  is  hardly  necessary  to- 
remark,  that  the  rate  at  which  separation  proceeds  depends  to  a 
very  large  extent  upon  the  density  of  the  tissue  concerned.  Thus,, 
in  gangrene  of  the  foot,  skin  or  muscle  is  divided  far  more  rapidly 
than  bone  or  tendon  ;  nevertheless,  in  the  case  of  all  these  tissues,, 
the  process  is  essentially  the  same  one  of  ulceration. 

Where  the  mass  of  dead  tissue  is  very  small,  and  particularly 
where  it  is  aseptic,  as  when  an  infarct  results  from  the  lodgment 
of  an  aseptic  embolus,  the  changes  induced  are  different,  in  so  far 
that  they  are  not  so  marked,  but  here  also  the  dead  material  is- 
removed  in  the  vast  majority  of  cases,  and  by  the  agency  of  living 
cells  with  the  co-existence  of  inflammation. 

When  an  aseptic  embolus,  for  example,  lodges  in  the  kidney, 
a  cone-shaped  area  of  tissue  dies,  and  being  dead,  it  acts  as  an 
irritant,  though  no  doubt  a  very  mild  one,  upon  the  surroundmg 
tissues.  Nevertheless  it  induces  inflammation  in  its  immediate 
neighbourhood,  and  a  section  of  such  an  infarct  shows  that, 
though  it  itself  may  be  bloodless  and  pale,  it  is  surrounded  by  a 
narrow  hypereemic  zone,  in  which,  microscopically,  signs  of  m- 
flammation  may  be  observed.  As  the  result  of  persistent  action 
of  the  irritant,  wandering  cells  collect  in  the  inflammatory  zone;, 
but  since  the  irritant  is  very  slight,  and  above  all  is  aseptic,  the- 
inflammatory  material  does  not  break  down  into  pus,  but  the 
phagocytic  wandering  cells  of  all  kinds  invade  the  necrotic  cone 
of  tissue  and  gradually  break  up  and  remove  every  particle  of  the 
infarct.  At  the  same  time,  reparative  tissue-the  nature  of  which 
will  be  considered  later— invades  the  cone  also,  and  ultimately 
not  a  vestige  of  renal  substance,  even  in  a  degenerated  form,  can 
be  found  at  the  seat  of  the  infarct.    In  its  place  there  is  only 

fibrous  tissue.  .  *  j  ;i 

In  some  cases,  however,  where  the  aseptic  mass  of  dead 
material  is  very  large,  fibrous  tissue  does  not  replace  the  whole 
mass,  but  only  its  marginal  portions,  and  then  the  central  de- 
generated and  softened  mass  of  dead  material  may  lie,  innocuous, 
in  a  fibrous  capsule  for  an  indefinite  length  of  time. 

It  has  been  said  above  that  the  floor  of  a  typhoid  ulcer  is 
formed  by  the  uppermost  layer  of  the  living  inflamed  tissue  ot 
the  intestinal  wall.  This  statement  needs  some  little  qualifica- 
tion, for  though  the  base  of  a  typhoid  -\^l^y  f}^^'^'^,^^^. 
moment  of  separation  of  the  slough  consists  of  inflamed  t  ssue 
normal  to  the  part,  this  is  only  so  for  a  time.    After  an  ulcei  has 
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■existed  a  certain  length  of  time,  it  is  found  to  have  undergone 
different  changes,  according  to  the  conditions  under  which  it  is 
placed.    These  changes  we  must  now  consider. 

When  discussing  abscess-formation  it  was  seen  that  around 
the  margin  of  the  abscess,  at  a  varying  distance  from  the  actual 
pus,  there  is  a  zone  of  potential  repair.  A  similar  zone  exists 
beneath  the  floor  of  an  ulcer,  and  for  the  same  reason  that  it 
'Occurs  around  a  purulent  focus.  The  changes,  too,  that  go  on  in 
the  two  cases  are  identical.  Either  the  zone  of  potential  repair 
beneath  the  ulcer  becomes  a  zone  of  actual  repair,  in  which  case 
the  floor  of  the  ulcer  ultimate^  consists  of  what  will  hereafter  be 
described  as  '  granulation  tissue  ' — this  occurs  if  the  irritant 
•ceases  to  act,  or  if  its  intensity  is  below  a  certain  level ;  or  else,  if 
the  irritant  be  intense,  and  persist,  or  if  the  vitality  of  the  tissue 
have  been  greatly  diminished,  the  zone  of  potential  repair  becomes 
a  zone  of  inflammation,  which  in  its  turn  breaks  down,  and  the 
ulcer  increases  in  depth  and  extent.  Wben  this  takes  plsice  in  an 
ulcer  of  such  a  viscus  as  the  intestine,  stomach  &c.  the  thickness 
■of  whose  walls  is  limited,  complete  perforation  of  the  wall  ulti- 
mately ensues,  with  consequences  of  varying  importance  and 
severity,  into  the  determining  factors  of  which  we  cannot  now 
enter.  As  a  matter  of  fact,  under  ordinary  circumstances,  irritant 
action  is  never  absent  from  the  tissue  forming  the  floor  of  an 
ulcer,  and  the  irritant  being,  in  the  vast  majority  of  cases, 
^bacterial  in  nature,  the  floor  of  an  ulcer  is  seen  to  be  covered  with 
a  more  or  less  well-marked  layer  of  pus.  The  formation  of  pus 
on  an  ulcer  persists  until,  in  the  process  of  repair,  growth  of 
epithelium  has  completely  covered  the  floor  of  the  ulcer.  In  a 
few  cases  irritant  action  and  resistance  of  the  tissues  are  so  evenly 
^balanced,  that  the  ulcer  apparently  undergoes  neither  extension 
•nor  repair ;  it  is  then  known  as  an  '  indolent '  ulcer. 

In  the  process  of  ulceration  quite  an  especial  group  is  formed 
by  those  cases  in  which  the  vitality  of  a  tissue  is  markedly 
•lowered,  and  in  which  this,  rather  than  the  intensity  of  the 
arritant,  is  the  essential  condition  upon  which  death  of  tissue  and 
formation  of  an  ulcer  depend.  Thus,  when  the  saphena  vein  is 
varicose,  interference  with  nutrition  of  the  skin  of  the  leg  in  the 
neighbourhood  of  the  ankle — where  the  circulation  of  blood  is 
normally  somewhat  poor— is  frequently  such  that,  as  the  result  of 
a  slight  injury,  there  occurs  necrosis  of  skin  and  the  formation  of 
•a  '  varicose  ulcer.'  Of  the  same  type,  probably,  though  brought 
about  in  a  different  way,  are  the  gangrenous  ulcers  that  constitute 
bed-sores.' 
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Sometimes  the  lowered  vitality  is  due  to  severance  of  the 
tissue  from  its  nervous  supply.  Bed-sores  of  a  particularly  acute 
onset  frequently  follow  disease  or  injury  of  some  part  of  the 
nervous  system,  whether  brain  or  spinal  cord.  This  fact  points 
to  an  association  of  nervous  change  with  ulceration,  evidence  for 
which  is  also  given  by  the  '  perforating  ulcer '  of  the  toe  which 
occurs  in  '  tabes  dorsalis,'  a  disease  in  which  the  postero-external 
and  the  postero-median  columns  of  the  cord  undergo  degeneration. 
It  will  be  remembered,  too,  that  in  the  last  chapter  mention  was 
made  of  the  part  played  by  the  nervous  system  in  influencing  the 
course  of  an  inflammation.  Apparently  removal  of  nervous 
influence  modifies  the  vitality  of  the  tissues  involved  so  that 
their  resistance  to  irritants  is  lowered.  That  which  to  normal 
tissue  would  be  a  stimulus  or  a  slight  irritant,  to  them  is  a  severe 
irritant. 

Gastric  and  Duodenal  Ulcer.— The  ordinary  '  perforating '  or 
'  chronic '  ulcer  of  the  stomach  is  commonly  seen  in  two  classes 
of  person,  anaemic  young  women  and  elderly  persons  addicted  to 
alcohol ;  it  is  peculiar  in  that  it  has  a  seat  of  marked  predilection 
in  the  stomach,  being,  in  the  majority  of  cases,  single,  and  situated 
in  the  smaller  curvature  and  on  the  posterior  wall  of  the  organ. 
The  duodenal  ulcer  is  found  almost  exclusively  in  men,  and  is 
generally  situated  in  the  first  part  of  the  duodenum  immediately 
beyond  the  pylorus.  The  appearance  of  these  two  varieties  of 
ulcer  is  the  same  and  characteristic,  for  they  are  shaped  hke  a 
funnel,  and  their  wider  circumference,  which  corresponds  with  the 
mucous  membrane  of  the  stomach  or  duodenum,  has  clean-cut 
edges. 

The  question  as  to  the  pathology  of  gastric  ulcer  (and  the 
pathology  of  duodenal  ulcer  is  probably  identical)  is  closely  bound 
up  with  the  question  why  the  stomach  does  not  digest  itself 
normally.  Many  attempts  have  been  made  to  explam  this 
difficulty.  It  has  been  ascribed  to  the  mucus  which  is  perpetually 
being  poured  out  over  the  mucous  membrane  (Claude  Bernard, 
Harley),  to  the  alkaHnity  of  the  blood  which  permeates  the 
mucous  membrane  (Pavy),  to  the  Hving  condition  of  the  epithe- 
lium covering  the  stomach.  Of  these  explanations  probably  the 
last,  indefinite  though  it  is,  is  nearest  the  truth.  For  Matthes 
found  experimentally  that  proteolytic  solutions  are  incapable  of 
digesting  living  tissues  ;  thus  he  placed  a  hve  frog  in  a  weakly 
alkaline  solution  of  trypsin  at  25°  C.  for  some  long  time,  and 
found  that  it  was  quite  unaffected,  except  so  far  as  the  outer 
cuticle  was  concerned,  which,  being  dead,  was  completely  digested. 
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The  appearances  of  a  gastric  ulcer  recall  the  shape  of  an 
infarct,  and  one  of  the  earlier  explanations  of  the  pathology 
of  gastric  ulcer  was  that  an  embolus  is  carried  into  one  of  the 
terminal  branches  of  the  gastric  artery.  These  terminal  branches 
being  end-arteries,  it  was  assumed  that  a  cone-shaped  mass  of 
tissue  undergoes  necrosis  and  is  digested  by  the  gastric  juice. 
This  view  was  adopted  by  Panum  and  by  Cohnheim,  both  of 
whom  investigated  the  question  experimentally,  Cohnheim  by 
injecting  lead  chromate  directly  into  the  gastric  artery  after 
introducing  the  cannula  used  for  injection  so  deeply  that  he 
involved  vessels  supplying  the  mucous  membrane  only.  After 
a  few  days  he  found  large  ulcers  with  sloping  edges  in  the 
stomach.  Pavy  advanced  a  slightly  different  view.  He  obtained 
ulcers  after  ligature  of  branches  of  the  gastric  artery,  when  the 
contents  of  the  stomach  were  made  hyperacid,  and  ascribed  the 
ulcer-formation  to  auto-digestion  of  the  stomach  combined  with 
changes  in  the  vessel  walls. 

It  is  true  that  pathological  conditions  of  the  arteries  have 
been  found  along  with  gastric  ulcer,  but  in  spite  of  this  fact  and 
the  fact  that  Virchow  pointed  out,  and  Hoffmann  confirmed,  the 
frequent  occurrence  of  arterial  changes  in  chlorosis,  the  views 
that  the  ulcer  is  due'  to  embohsm,  and  that  it  depends  upon 
pathological  changes  in  the  gastric  end-arteries,  are  by  no  means 
satisfactory.  Still  less  so,  perhaps,  is  the  so-called  '  spastic  '  view 
taken  by  Klebs  and  by  Axel  Key,  according  to  which  spasmodic 
contraction  of  the  muscular  tissue,  either  in  the  walls  of  the 
arterioles  (Klebs)  or  in  the  walls  of  the  stomach  (Key),  produces 
local  anemia  and  death  of  portions  of  the  gastric  mucous 
membrane. 

Matthes  found  that  the  hydrochloric  acid  of  the  gastric  juice 
acts  as  a  protoplasmic  poison  on  cells,  but  that  the  effect  shown 
by  the  cell  varies  according  to  its  nature,  nutritive  condition,  &c. 
Some  cells  are  not  injured  at  all,  some  suffer  very  severely.  If, 
then,  under  conditions  of  which  we  are  ignorant,  the  acidity  of 
the  gastric  juice  becomes  increased  (and  that  this  sometimes 
occurs  is  certain),  or  if  the  resistance  offered  by  the  cells  com- 
posing the  gastric  mucous  membrane  to  the  normal  acidity  of  the 
gastric  juice  becomes  diminished,  the  cells  are  killed  over  a 
certain  area,  and  then  are  readily  digested  by  the  proteolytic 
ferment.  Though  this  is  probably  not  the  true  explanation  of 
the  commencement  of  a  gastric  ulcer,  in  all  probability  the 
chronicity  of  the  condition  is  in  part  due  to  a  hyperacid  reaction 
of  the  gastric  contents.    For  Matthes  found  experimentally  that 
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a  simple  ulcer,  when  exposed  to  a  degree  of  acidity  such  as  is  de- 
.  veloped  during  digestion,  readily  becomes  converted  into  a  chronic 
ulcer.  Some  part,  however,  must  be  played  by  the  constant 
movement  and  other  irritation  to  which  the  ulcer  is,  from  the 
nature  of  the  case,  always  subjected. 

At  the  present  time,  the  work  that  has  been  done  upon  the 
so-called  '  anti-bodies '  is  applied  to  the  explanation  of  gastric  and 
duodenal  ulcers.  It  is  known  that  the  absorption  of  many  sub- 
stances is  followed  by  a  local  formation  of  a  specific  anti-substance. 
Hence  there  is  growing  up  a  belief  that  the  causation  of  a  gastric 
or  duodenal  ulcer  depends  fundamentally  upon  a  local  deficiency 
of  a  specific  substance  which  is  normally  formed  in  the  mucous 
membrane  and  antagonises  the  proteolytic  action  of  the  gastric 
pepsin.  "Weiland  has  separated  from  the  gastric  and  intestinal 
mucous  membrane  such  specifically  antipeptic  and  antitryptic 
substances. 

It  follows  from  what  has  bean  said  that  the  pathology'  of 
gastric  ulcer  must,  in  many  respects,  be  unlike  the  pathology 
of  ulcer  in  other  parts.  Nevertheless,  once  the  gastric  ulcer  has 
been  formed,  the  changes  which  it  undergoes  are  similar  to  those 
undergone  by  any  other  ulcer,  for  a  gastric  ulcer  may  either  heal 
or  extend.  If  it  heals,  it  does  so  with  the  formation  of  a  true 
cicatrix ;  if  it  extends,  it  may  perforate.  That  extension  is 
accompanied  by  pus-formation  is  shown  by  the  fact  that  abscesses 
behind  the  stomach  following  on  gastric  ulcer  are  not  very  rare^ 
The  absence  of  pus  on  the  surface  of  a  gastric  ulcer  is  certainly 
due  to  the  rapidity  with  which  pus  is  removed  after  it  has  been 
formed. 

Corneal  Ulcer. — Another  variety  of  ulcer  which  also  has 
somewhat  peculiar  characters  is  that  which  forms  on  the  cornea. 
The  cornea  itself  being  avascular,  the  strictly  inflammatory  por- 
tion of  the  change  depends  upon  alteration  of  the  conjunctival 
and  sclerotic  vessels.  In  pannus  new  blood-vessels  actually  creep 
over  the  cornea  from  the  periphery  to  the  ulcer,  and  here  '  red- 
ness '  is  present  ;  but  in  a  simple  case  redness  at  the  site  of 
ulceration  itself  is  conspicuously  absent.  The  bacteriology  of  the 
condition  is.  still  obscure,  but  apparently  it  is  not  usually  de- 
pendent upon  the  ordinary  pyogenetic  cocci  ;  pneumococci  have 
been  found  in  many  cases. 

(ii)  Caries. — Caries  of  bone — or,  as  it  is  also  often  called, 
'  rarefying  osteitis  ' — differs  only  from  ulceration  of  soft  parts 
in  respect  of  those  points  which  depend'  upon  the  nature  of  the 
tissue  in  which  the  inflammatory  process  is  going  on.   Owing  to  the 
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density  of  bone  and  the  smallness  of  its  blood-supply,  dead  bone 
can  be  removed  less  rapidly  than  dead  but  soft  material.  Hence 
oaries  is  a  lengthy  process.  Moreover,  solution  of  the  organic 
basis  of  bone,  so  as  to  bring  about  separation  of  the  living  from 
■the  dead  tissue,  is  impeded  by  the  presence  of  the  calcium  salts 
along  with  the  organic  matter.  These  calcium  salts  must  be' 
■dissolved  also,  and  in  this  point  lies  the  only  real  difference 
between  caries  and  ulceration. 

In  caries  of  bone  the  same  formation  of  granulation  tissue 
takes  place  that  occurs  in  ulceration.  Similar  elements  are 
employed  in  the  process  (though  some  confusion  is  created  by  the 
fact  that  different  names  have  been  given  to  certain  of  the  cells 
concerned),  and  similar  results  take  place  in  the  surrounding 
tissues. 

We  will  assume  that  a  portion  of  the  outer  surface  of  the 
shaft  of  the  tibia  has  undergone  necrosis.  At  first  it  is  organi- 
cally in  connection  with  the  still  living  bone,  just  as  the  slough 
is  at  first  organically  in  connection  with  the  deeper  parts  of  the 
intestine  when  in  typhoid  fever  the  inflamed  Peyer's  patch  under- 
goes necrosis.  In  both  cases  the  dead  material  acts  as  an  irritant 
to  surrounding  parts,  and  leads  to  inflammation  ;  but  whereas  in 
the  Peyer's  patch  inflammation  can  show  itself  markedly  beneath 
the  dead  material,  in  bone  this  can  only  occur  to  a  limited  extent, 
and  the  region  where  inflammatory  changes  are  recognised  in  this 
■case  is  the  periosteum  surrounding  the  portion  of  dead  bone. 
This  limitation  of  the  area  over  which  inflammation  can  develop 
to  any  great  extent  is  another  important  cause  for  the  chronicity 
of  the  process  of  separation  of  the  sequestrum.  Nevertheless,  in 
'the  periosteum  inflammatory  changes  occur,  with  the  accompany- 
ing hypersemia,  exudation  of  fluid,  and  migration  of  wandering 
cells,  and  around  this  zone  is  a  zone  of  potential  repair. 

Now,  just  as  in  the  case  of  the  Peyer's  patch  separation  of 
•the  slough  is  carried  out  at  the  expense  of  the  living  tissues,  so 
separation  of  the  sequestrum  is  carried  out  at  the  expense  of  the 
living  bone.  The  wandering  cells  in  both  cases  have  digestive 
functions,  and  since  digestion  by  phagocytes  is  accompanied  by 
'the  formation  of  acid,  the  calcium  phosphate  and  carbonate,  of 
which  bone  is  so  largely  built  up,  can  be  dissolved  by  phagocytes, 
iihough  necessarily  the  process  is  a  slow  one.  The  directions  in 
which  phagocytic  cells  can  wander  are  also  mechanically  limited 
•to  the  Haversian  canals,  and  since  the  phagocytes  can  only  attack 
the  bone  surrounding  these  canals  by  erosion  from  the  inside,  they 
•come  to  form  a  more  or  less  complete  lining  to  the  canals.  In 
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process  of  time  they  dissolve  the  calcium  salts  and  digest  the 
bone  in  their  immediate  neighbourhood,  so  that  the  Haversian 
canals  become  irregularly  widened,  and  the  individual  phagocytes 
lie  in  small  depressions  or  pits  which  they  have  themselves 
formed.  These  depressions  are  identical  in  mode  of  formation 
with  the  depressions  known  as  Howship's  lacunae  or  foveolae, 
which  are  found  in  an  ordinary  growing  bone,  and  the  phagocytic 
cells  lying  in  the  foveolse  have  similar  appearances  in  both  cases 
and  the  same  function.  In  both  cases,  too,  they  are  called 
'  osteoclasts,'  but  in  normal  bone  by  many  authors  they  are 
called  '  myeloplaxes.' 

Osteoclasts  differ  in  appearance  from  the  cells  which  have 
hitherto  been  described  as  wandering  and  phagocytic  cells.  They 
belong  to  the  class  known  as  '  giant  cells,'  of  which  mention  will 
be  made  hereafter.  As  to  the  phagocytic  properties  of  giant  cells 
in  general  there  is  little  doubt,  and  there  is  no  doubt  whatever 
that  some  kinds  of  giant  cells  (and  osteoclasts  in  particular)  are 
markedly  phagocytic.  We  must  therefore  regard  osteoclasts  as 
identical  in  characters  and  in  function  with  the  giant  cells  present 
in  other  varieties  of  inflammation  or  its  sequels. 

When  the  osteoclasts  have  done  their  work,  the  dead  bone  is 
separated  from  the  living  bone,  and  an  irregular  surface  of  living 
but  inflamed  bone  is  left  which  corresponds  to  the  floor  of  a 
typhoid  ulcer.  But  just  as  in  the  case  of  a  typhoid  ulcer  a  zone 
of  potential  repair  exists  at  some  distance  from  the  slough,  so 
in  the  case  of  necrosis  of  bone  at  some  Httle  distance  from  the 
sequestrum  there  is  a  zone  of  potential  repair  in  the  periosteum. 
Here  the  young  bone-cells  (osteoblasts)  are  in  a  state  of  pro- 
liferation and  high  activity,  and  assuming  that  the  irritant  action 
does  not  extend,  granulation  tissue  is  produced.  And  just  as  the 
process  in  the  neighbourhood  of  the  typhoid  ulcer  ends  in  the 
formation  by  the  fibroblasts  of  their  normal  final  product  (fibrous 
tissue),  so  in  the  neighbourhood  of  the  bone  ulcer,  i.e.  the  carious 
focus,  the  process  ends  in  the  formation  by  the  osteoblasts  of  their 
normal  product  (bone).  Assuming,  on  the  other  hand,  that  the 
irritant  action  extends,  the  results  in  both  cases  are  again  similar, 
for  just  as  in  the  typhoid  ulcer  the  inflamed  but  still  living  tissue 
of  the  intestinal  wall  breaks  down  and  the  ulcer  extends,  so  in  the 
disease  of  bone  the  still  living  but  inflamed  bone  breaks  down  and 
the  carious  patch  extends. 

(iii)  Comparison  of  Ulceration  with  Caries.— The  processes 
at  work  are  therefore  identical.  An  apparent  difference,  however, 
is  produced  by  the  great  chronicity  of  the  process  in  bone.  lor 
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in  the  intestine  the  reparative  process  is  less  obvious  than  it  is  in 
bone  when  caries  is  still  going  on.  Indeed,  the  new  formation 
of  bone  in  the  neighbourhood  of  a  carious  focus  is  often  remark- 
able, whereas  the  new  formation  of  fibrous  tissue  in  the  case  of  a 
typhoid  ulcer  is  practically  restricted  to  the  amount  necessary  for 
filling  up  the  vacant  space.  But  even  here  the  difference  is 
apparent  only  and  not  real,  for  in  the  repair  of  any  ulcer  more 
fibrous  tissue  is  at  first  present  than  is  necessary  to  fill  up  the 
defect,  the  excess  being  gradually  removed  after  repair  is  com- 
plete, and  in  the  repair  of  bone,  though  bone  is  at  first  produced 
in  obvious  excess,  this  excess  is  also  gradually  removed  after  repair 
is  complete. 

Another  apparent  difference  between  the  two  processes  we 
have  considered  is  brought  about  in  the  following  way.  The 
broken-down  material  and  the  slough  in  the  case  of  a  typhoid 
ulcer  are  carried  into  the  lumen  of  the  intestine,  and  pass  away 
with  the  intestinal  contents,  but  in  the  case  of  necrosis  of  bone 
this  cannot  occur,  unless  the  seat  of  necrosis  is  open  to  the  external 
air.   Sometimes  this  is  actually  the  condition,  but  not  infrequently 
caries  of  bone  takes  place  without  such  a  communication  with  the 
open  air,  and  in  these  cases  the  broken-down  material  and  the 
dead  bone  must  collect  at  the  seat  of  bone  destruction.  Under 
aseptic  conditions  {e.g.  if  a  small  fragment  of  bone  has  been 
broken  off  by  traumatism)  the  amount  of  broken-down  material 
may  be  sufficiently  small  for  removal  by  wandering  cells,  and  a 
sequestrum  may  become  enclosed  in  a  bony  case  by  a  process 
akin  to  that  which  obtains  in  encapsulation.    But  when  micro- 
organisms are  concerned  in  the  process,  an  abscess  is  formed  in 
connection  with  the  bone.  The  pus  formed  in  these  cases  '  points  ' 
as  it  does  in  other  cases  of  abscess,  and  ultimately  discharges 
itself  through  the  skin  or  into  some  cavity.    I'he  track  which  the 
pus  has  excavated  for  itself,  and  which,  of  course,  opening  on  the 
surface,  leads  down  to  carious  bone,  receives  the  special  name  of 
*  a  sinus,'  but  its  mode  of  formation  is  identical  with  that  track 
which  is  produced  when  an  abscess  in  soft  parts  has  procured  its 
own  evacuation.    So  long  as  destruction  of  bone  and  pus-forma- 
tion are  still  going  on  at  the  bottom  of  a  sinus,  the  sinus  remains 
open,  though  it  may  temporarily  close  by  the  growth  of  epithelium 
over  the  cutaneous  surface,  or  even  by  coalescence  of  the  walls  of 
the  sinus  itself  over  a  limited  area.    The  irritation  produced  in 
the  walls  of  the  sinus  by  the  pus  which  constantly  passes  over 
them,  keeps  those  walls  in  a  state  of  chronic  inflammation,  and 
as  a  result  the  walls  of  a  sinus  are  composed  of  granulation  tissue. 
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the  most  external  portion  of  which  (i.e.  that  directed  towards  the 
lumen)  is  constantly  breaking  down  into  pus.  The  pus  or  sero- 
•purulent  fluid  that  exudes  from  the  orifice  of  a  sinus  is  therefore 
in  part  yielded  by  the  bone  and  in  part  by  the  walls  of  the  sinus 
themselves. 

We  may  now  consider  the  phenomena  of  repair  in  detail. 

In  the  lower  animals,  and  particularly  in  animals  unprovided 
with  a  hsemal  vascular  system,  repair  of  a  complex  tissue  is  a 
much  more  complete  process  than  it  is  in  the  higher  animals.  In 
the  Asteroidea  if  a  member  be  removed  it  is  completely  re-formed, 
and  the  same  may  obtain  in  the  Crustacea.  Even  among  verte- 
brates, repair  of  a  specialised  type  is  found  in  certain  of  the 
Eeptilia.  But  when  we  come  to  the  higher  Mammalia  we  find 
that  repair  of  a  complex  tissue  is  practically  confined  to  regenera- 
tion of  epithelia  and  of  various  kinds  of  connective  tissue.  With 
these  higher  animals  alone  we  are  immediately  concerned. 

V.  Reg-eneration  of  Tissues  and  Repair.— It  will  conduce  to 
,a  clearer  conception  of  the  processes  involved  in  repair  of  a  com- 
plex tissue,  if  regenerative  processes  be  first  examined  in  the 
different  elemental  types  of  tissue. 

(i)  Epithelium. — In  the  case  of  epithehum  we  have  the 
simplest  form  of  regeneration.  The  cells  composing  the  deepest 
or  germinal  layer  divide  in  a  direction  parallel  to  the  surface,  and 
thus,  by  the  constant  formation  of  fresh  layers  from  below,  the 
loss  of  old  and  superficial  layers  is  made  good.  This  process  is, 
of  course,  constantly  going  on  in  normal  life,  and  when,  from 
some  reason,  there  is  a  greater  removal  of  epitheHal  cells,  so  long 
as  the  germinal  layer  remains  intact,  repair  simply  takes  place  by 
an  increased  rapidity  of  division  on  the  part  of  the  germinal  cells. 
But  epithelium  cannot  be  generated  except  by  pre-existing  epi- 
thelium, so  that,  if  the  germinal  layer  has  been  destroyed  over 
any  area,  the  surface  that  is  left  can  only  receive  a  covering  of 
epithelium  from  the  intact  germinal  layer  at  the  periphery.  This 
property  is  of  fundamental  importance  in  the  surgical  operation  of 
skin-grafting.  Probably  the  growth  takes  place  by  a  direct 
division  of  the  epithelial  cells,  but  some  authors  have  asserted 
that  the  prickle  cells  take  on  wandering  functions,  and  in  this 
way  form  the  first  covering  for  a  part  that  has  been  denuded  of 
■  epithelium.  Under  the  influence  of  a  stimulus  of  unusual  per- 
sistence and  of  moderate  intensity,  the  formation  of  epithelium 
from  below  may  outstrip  loss  from  above  and  the  epidermal  layers 
may  become  greatly  increased  in  number.    If  the  superficial 
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layers  are  highly  corneous,  the  thickened  layers '  constitute  a 
'  callosity.'  Inflammation  is  very  commonly  associated  with 
prolific  growth  of  epithelium,  and  in  the  case  of  the  epidermis, 
with  prolific  growth  of  epidermal  structures  ;  the  growth  of  hair- 
or  of  nails  in  the  neighbourhood  of  a  part  that  has  long  been  the 
seat  of  chronic  inflammation  is  often  remarkable.  The  reason  of 
this  overgrowth,  of  course,  lies  in  the  increased  amount  of  nutri- 
ment supplied  to  the  parts  by  the  active  hyperaemia  and  the 
exudation  that  accompany  inflammation.  Another  very  common^ 
result  of  the  excessive  production  of  epithelial  cells  is  seen  in  the 
prolongation  of  the  inter-papillary  processes  into  the  corium  in  the- 
immediate  neighbourhood  of  the  inflammatory  focus. 

In  the  repair  of  epithelium  its  essential  type  is  never  changed 
a  spheroidal  cell  never  becomes  columnar  or  squamous,  a  squamous 
cell  never  becomes  spheroidal.  Nevertheless  there  is  commonly 
some  departure  from  the  usual  form ;  squamous  cells,  for  example, 
derived  from  a  rapidly  proliferating  epithelium  are  neither  so 
compressed  nor  is  their  shape  so  regular  as  when  derived  from- 
normal  epithelium,  and  spheroidal  cells  under  similar  conditions 
generally  become  polyhedral  from  mutual  pressure.  The  complex 
papillsB  of  the  true  skin  are  never  re-formed  when  once  they  have 
been  destroyed,  and  it  is  the  absence  of  papillae  which  gives  their 
characteristic  smooth  appearance  to  the  epidermal  layers  covering 
an  ordinary  scar. 

(ii)  The  Connective  Tissues.— Eegeneration  of  the  connective 
tissues  forms  the  most  important  portion  of  the  subject  of  repair, 
for,  with  the  exception  of  epithelium,  repair  of  all  parts  in  which 
the  tissue  elements  have  been  destroyed  is  carried  out  in  the  main 
if  not  entirely  by  the  new  formation  of  one  or  other  member  of 
this  group.  The  law,  that  less  highly  speciahsed  tissues  are 
regenerated  more  easily  and  more  completely  than  more  highly 
specialised  tissues,  holds  good  here  also,  for  the  new  formation  of 
simple  fibrous  tissue  is  far  more  common  than  regeneration  of  the 
more  highly  speciahsed  bone  and  cartilage.  There  is  a  certain 
amount  of  interchangeability  among  the  members  of  this  group 
of  tissues,  but  it  Hes  rather  in  the  replacement  of  a  higher  form, 
such  as  cartilage,  by  a  lower  form,  such  as  simple  fibrous  tissue, 
than  in  the  opposite  condition.  In  fact  the  formation  of  cartilage 
or  bone  in  the  repair  of  an  injured  simple  fibrous  tissue  is  practi- 
cally unknown,  whereas  the  repair  of  injured  bone  or  cartilage  by- 
the  new  formation  of  fibrous  tissue  is  not  uncommon.  In  this 
respect  cartilage  seems  to  be  a  more  highly  specialised  substance 
than  bone,  for  when  cartilage  has  been  destroyed  as  the  result  of 
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irritant  action,  new  cartilage  is  not  formed,  whereas  when  bone 
has  been  destroyed  the  cell  proliferation  which  takes  place  in  the 
periosteum  preserves  its  characters  and  new  bone  is  ultimately 
formed.  But  this  new  bone  is  not  formed  through  an  inter- 
mediate cartilaginous  stage,  even  though  the  original  bone  may 
in  embryonic  life  have  been  laid  down  in  that  substance.  It  is 
produced  by  a  direct  ossification  of  the  calcified  periosteal  fibrous 
tissue,  and  the  osteoblasts  play  the  same  part  in  new  bone- 
formation  that  fibroblasts  play  in  new  fibrous  tissue  formation. 

In  the  laboratory,  however,  new  formation  of  cartilage  may 
occur.  Thus  Lefas  opened  the  radio-carpal  joints  of  animals 
aseptically  and  cut  across  the  cartilage  of  the  radius.  The  wound 
was  closed  and  examined  one  to  three  weeks  later.  Union  was 
never  obtained  unless  apposition  was  complete,  but  if  this  con- 
dition was  fulfilled  and  if  the  animals  were  young,  the  cartilage 
cells  in  the  neighbourhood  of  the  lesion  divided  and  repair  took 
place  by  a  new  formation  of  true  cartilage.  In  a  few  instances 
repair  of  cartilage  takes  place  by  formation  of  true  bone. 

Fibroblasts.— A  part  in  which  the  formation  of  young  fibrous 
tissue  is  taking  place  shows  the  presence  of  large  numbers  of 
young  connective  tissue  corpuscles  or  fibroblasts.  These  cells,  • 
when  their  nature  is  beyond  question,  appear  as  large  fusiform 
<5ells  with  abundant  protoplasm,  which  tapers  towards  the  two 
poles  or  may  perhaps  bifurcate  at  one  extremity  or  both.  The 
protoplasm  stains  very  faintly  and  commonly  appears  hyaline  or 
slightly  granular.  The  nucleus  is  an  elongated,  fusiform  or  oval 
or  rod-shaped  body,  relatively  poor  in  chromatin  and  staining 
faintly  though  more  deeply  than  the  protoplasmic  body  of  the  cell. 
Karyokinetic  figures  in  the  nucleus  are  frequently  to  be  observed. 
Between  individual  cells  may  usually  be  seen  a  few  strands  of  fine 
wavy  connective  tissue. 

When  the  process  is  more  advanced  these  cells  diminish  in 
numbers,  their  protoplasm  becomes  more  scanty,  their  nucleus 
more  elongated  and  angular  and  stains  more  darkly,  karyokinetic 
figures  become  rare,  and  the  amount  of  definite  fibrous  tissue 
between  the  cells  becomes  greater.  As  time  goes  on,  these  features 
become  more  noticeable,  until  at  last  connective  tissue  of  a  type 
scarcely,  if  at  all,  differing  from  normal  connective  tissue  results, 
and  the  nuclei  of  such  fibroblasts  as  remain  are  represented  by 
nuclei  of  the  connective  tissue  corpuscles.  The  process  in  the 
case  of  repair  of  bone  is  exactly  similar  in  all  its  essential  details, 
though  of  course  deposition  of  calcium  salts  in  the  bodies  of  the 
cells  and  in  the  fibrillar  network  is  superadded. 
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Now  though  these  features  may  easily  be  made  out  in  any 
heahng  wound,  or,  indeed,  in  any  part  in  which  repair  is  taking 
place,  the  steps  in  the  process  have  been  and  are  a  subject  of  great 
discussion.  The  two  cardinal  points  upon  which  there  is  dis- 
agreement are,  firstly,  the  origin  of  fibroblasts,  and  secondly,  the 
method  whereby  fibroblasts  form  connective  tissue.  Concerning 
each  of  these  points  a  few  remarks  must  be  made. 

The  Origin  of  Fibroblasts. — When  inflammation  first  of  all 
became  the  subject  of  exact  investigation,  it  was  held  that  the 
new  tissue  which  ultimately  appears  is  formed  at  the  expense  of 
the  exudation,  and  that  the  fibrin-formation  which  is  so  generally 
evident  in  inflammatory  exudations  is  the  first  step  in  the  process. 
Tor  this  reason  such  varieties  of  inflammation  as  terminate  in  the 
formation  of  fibrous  tissue  were  called  '  plastic  '  inflammations, 
and  the  fibrin  which  formed  in  the  exudation  in  such  cases  was 
called  'plastic'  or  'formative  lymph.'  But  after  Virchow  in 
1855  formulated  his  famous  dogma,  Omnis  cellula  e  celluld,  the 
old  view  that  connective  tissue  and  connective  tissue  corpuscles 
in  repair  are  formed  from  the  exudation  gave  way  to  cellular 
theories. 

(a)  Hcemal  Theory. — Of  these  cellular  theories  one  was  strongly 
supported  by  Cohnheim  and  others,  who  regarded  the  fibro- 
blasts as  being  derived  from  haemal  leucocytes.    This  view  v/as 
largely  based  upon  an  experiment  originated  by  Ziegler.  Ziegler 
placed  small  oblong  chambers  (made  by  fastening  two  cover- 
glasses  at  the  four  corners  in  such  a  way  as  to  leave  a  small  space 
between  them)  under  the  skin  of  the  dog  and  left  them  for  varying 
lengths  of  time.    The  space  between  the  glasses  became  filled 
with  cells  which  could  be  directly  examined  under  the  microscope. 
The  cells  present  in  chambers  that  had  not  long  been  allowed  to 
remain  in  the  subcutaneous  tissue  contained,  besides  fibrin  and 
red  blood-corpuscles,   numbers  of   colourless  blood-corpuscles, 
many  of  which  were  fatty  and  resembled  pus-cells.    In  chambers 
that  had  remained  in  the  subcutaneous  tissue  about  five  days, 
cells  larger  than  the  above  first  began  to  show  themselves.  These 
cells  in  their  characters  were  intermediate  between  the  colourless 
blood-corpuscles  and  the  '  epithelioid  '  cells,  whose  appearances 
are  similar  to  those  which  have  already  been  given  for  fibroblasts, 
and  the  existence  of  which  in  the  chambers  was  first  recognisable 
by  about  the  seventh  day.    By  about  the  tenth  or  twelfth  day 
the  presence  of  large  multinuclear  cells — the  so-called '  giant  cells  ' 
—  was  noted,  and  in  a  chamber  at  this  date,  leucocytes,  epithe- 
lioid cells,  giant  cells,  and  transitional  forms  between  all  of  these 
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were  recognisable.  Certain  of  the  cells  seemed  to  grow  at  the- 
expense  of  other  cells,  so  that  the  more  numerous  the  epithelioid 
and  f^iant  cell-s  the  less  numerous  the  leucocytes,  and  it  was  in 
this  way  that  Ziegler  explained  the  formation  of  epithelioid  and 
giant  cells.  These  observations  were  taken  as  furnishing  experi- 
mental proof  that  migrated  white  blood-corpuscles  are  capable  of 
further  development  and  are  the  primary  source  of  the  new  fibrous 
tissue  which  is  found  in  repair. 

But  this  view  of  Cohnheim  and  Ziegler  was  from  the  first 
received  with  a  certain  amount  of  opposition,  and  the  subsequent 
work  of  a  large  number  of  investigators  has  tended  to  strengthen 
the  opposition  to  such  an  extent,  that  even  Ziegler  has  at  the 
present  time  altered  his  opinion  and  holds  that  connective  tissue 
is  only  formed  from  connective  tissue. 

(b)  Connective  Tissue  Theonj.— The  other  cellular  view  con- 
cerning the  origin  of  fibrous  tissue  in  repair  is,  that  fibroblasts 
arise  from  pre-existing  connective  tissue  corpuscles.    That  this  is- 
true  there  can  be  no  doubt,  for  the  changes  that  were  described 
by  Leber  in  the  corneal  corpuscles  after  inflammation  of  the' 
cornea  are  conclusive,  and  the  evidences  of  cell  division  seen  in 
connective  tissue  on  the  borders  of  an  area  of  inflammation  are 
equally  unmistakable.    But  whether  this  view  is  entirely  to  re- 
place Cohnheim's  view,  it  is  diflicult  to  say,  especially  when  we 
consider  that  in  all  reparative  tissue  that  is  on  the  way  to  become 
fibrous  tissue— the  so-called  '  granulation  tissue  '—there  are  pre- 
sent large  numbers  of  round  cells  with  faintly  staining  nuclei 
and  a  fairly  large  amount  of  protoplasm,  whose  appearances  are  in 
every  respect  similar  to  those  of  hyaHne  wandering  cells  found 
in  the  blood.  It  is  possible  that  these  uninuclear  cells  in  the  blood 
are  really  derived  from  connective  tissue,  and  that  when  they  are 
found  in  developing  connective  tissue  they  have  only  returned  to- 
their  original  home  ;  it  is  possible  that  these  uninuclear  cells  m 
connective  tissue  are  quite  distinct  in  origin,  nature,  and  function 
from  ordinary  connective  tissue  corpuscles  ;  it  is  possible  that 
when  connective  tissue  cells  are  prohferating  with  great  rapidity 
they  may  become  spherical,  and  therefore  indistinguishable  from 
the  mononuclear  cells  of  the  blood.    Upon  none  of  these  points 
have  we  satisfactory  information,  so  that  until  the  o^igm  and 
fate  of  the  uninuclear  cells  seen  in  granulation  tissue  is  decided, 
it  is  impossible  to  deny  that  some  of  the  fibroblasts_  may  be^ 
derived  from  leucocytes,  or  to  assert  that  the  connective  tissue 
formed  in  repair  is  derived  from  pre-existing  connective  tissue- 
alone    We  can,  however,  aflirm  with  comparative  certainty  that 
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pre-existing  connective  tissue  corpuscles  play  a  considerable  part 
in  the  process. 

At  the  present  time  a  further  difficulty  is  introduced  by  the 
uncertainty  which  exists  as  to  the  nature  of  the  so-called  '  plasma- 
■cells.'  These  cells  resemble  lymphocytes  very  closely,  but  are 
probably  not  identical.  Pappenheim  indeed  asserts  that  the 
plasma  cells  may  become  fusiform,  in  which  case  they  are  difficult 
to  distinguish  from  fibroblasts.  Ziegler  (1902)  modified  his  pre- 
vious views  as  the  result  of  work  done  on  rabbits.  His  original  ex- 
periments were  made  with  dogs  (p.  303),  but  in  rabbits  the  different 
varieties  of  cells  are  more  easily  recognised.  He  divides  the  cells 
in  question  into  three  groups  :  (1)  poly morphnu clear  cells,  which 
play  no  part  in  the  fibrous  tissue  formation  ;  (2)  fibroblasts,  which 
appear  late,  have  characteristic  shape  and  staining  properties,  and 
form  fibrous  tissue  ;  and  (3)  mononuclear  leucocytes  and  lympho- 
cytes and  plasma  cells,  all  of  which  he  includes  under  the  name 
'  polyblast ; '  these  cells  do  not  form  fibrous  tissue,  but  lie  in  the 
interspaces  of  the  newly  formed  fibrous  tissue  and  constitute 
plasma  cells,  epithelioid  cells,  clasmocytes,  &c.,  which  are  '  often 
quite  indistinguishable  from  the  descendants  of  the  fibroblasts.' 

Origin  of  Fibrous  Tissue  from  Fibroblasts. — Concerning  the 
method  whereby  connective  tissue  is  formed  from  fibroblasts, 
discussion  has  been  far  less  animated  than  concerning  the  origin 
of  the  fibroblasts  themselves.  Upon  this  subject  also  there  are 
two  chief  views.  According  to  the  one,  strands  of  fibrous  tissue 
are  formed  by  the  splitting  off  from '  the  protoplasm  of  the  fibro- 
blast of  peripheral  layers  in  the  direction  of.  the  long  axis  of  the 
cell.  According  to  the  other,  fibrous  tissue  is  produced  by  a 
modification  of  some  substance  secreted  by  the  fibroblasts.  Upon 
this  point  Sherrington  and  Ballance  write  as  follows  :  '  We  were 
unable  to  satisfy  ourselves  on  the  question  as  to  whether  the 
fibrillated  extra-cellular  matter  had  been  formed  by  direct  trans- 
formation from  the  surface  portion  of  the  cell  body,  or  whether  it 
had  arisen  as  a  secretion  from  the  protoplasm  of  the  cell.  But 
fhe  latter  view  seems  to  us  the  more  probable,  if  only  for  the 
reason  that  the  fibroblast  cell  and  its  new  capsule  of  fibrillated 
matter  are,  when  taken  together,  much  larger  than,  so  far  as  we 
have  observed,  the  individual  naked  fibroblast  ever  is.' 

Endothelium. — Bepair  and  proliferation  of  endothelium  must 
probably  be  considered  quite  apart  from  the  epithelia  and  more 
•closely  in  connection  with  the  connective  tissues.  Upon  this 
subject  our  information  is  as  yet  inconclusive,  but  there  is  reason 
to  believe  that  endothelial  cells  like  connective  tissue  cells  are 
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embryologically  of  mesodermal  origin.  In  the  processes  consti- 
tuting repair,  it  is  certain  that  j)roUferation  of  endotheUal  cells, 
whether  of  lymphatics  or  of  blood-vessels,  plays  a  very  prominent 
part,  and  there  is  high  probability  that  such  endothelium  as  is 
present  in  fully  repaired  tissue  is  derived  directly  from  pre-existing 
endothelium.  But  at  certain  stages  of  their  life-histories,  and 
especially  when  rapid  proliferation  is  taking  place,  it  is  impossi- 
ble by  any  of  the  means  at  our  disposal  to  distinguish  endothelial 
cells  from  fibroblasts  derived  from  connective  tissue  corpuscles, 
and  hence  it  is  impossible  to  say  whether  any  part  in  repair  other 
than  the  formation  of  endothelial  linings  for  new  blood-vessels  is 
carried  out  by  these  cells  or  no.  It  is  by  reason  of  this  similarity 
of  appearance  and  doubt  as  to  origin  that  the  terms  '  fibroblast,' 
'  connective  tissue  corpuscle,'  '  endotheHoid  cell,'  '  epitheUoid  cell' 
are  so  frequently  used  interchangeably  in  descriptions  of  inflam- 
mation, even  by  one  and  the  same  author.  According  to  Borst 
in  experimental  peritonitis  in  guinea-pigs,  and  in  man,  the  endo- 
thelium plays  no  direct  part  in  the  formation  of  fibrous  tissue. 
Nevertheless  in  the  early  stage  of  the  formation  of  adhesions 
he  believes  that  endothelial  proliferation  is  a  very  prominent 
phenomenon. 

The  most  important  process  in  repair  with  which  we  are 
acquainted  in  which  proliferation  of  endothelium  plays  a  part 
is  the  new  formation  of  capillary  blood-vessels.  It  is  clear  that 
for  the  nutrition  and  for  the  further  development  of  such 
proliferated  cells  as  are  destined  ultimately  to  form  the  repan* 
tissue,  a  sufficient  supply  of  blood  is  necessary.  At  an  early 
stage,  when  the  proHferated  cells  are  relatively  few  in  number, 
that  nutrition  may  be  carried  out  by  means  of  the  exudation 
from  the  pre-existing  congested  blood-vessels.  But  there  is  a 
limit  up  to  which  this  is  possible,  and  at  a  certain  point,  unless 
fresh  methods  are  adopted  for  the  supply  of  nutriment,  further 
development  must  be  a,rrested,  and  in  all  probability  more  or 
less  marked  degenerative  changes  will  take  place  in  the  young 
cells.  This  additional  supply  of  nutriment  is  carried  out  by 
the  formation  of  new  blood-vessels  which  permeate  the  rapidly 
proliferating  tissue. 

Formation  of  New  Blood-vessels— '  Gramdations.'—li  a 
healing  ulcer  be  examined  it  will  be  noticed  that  the  surface  of 
the  wound  is  covered  by  a  number  of  red  projections,  each  about 
the  size  of  a  pin's  point.  These  projections  are  minute  blood- 
vessels, and  their  number  and  the  thinness  of  their  walls  are 
readily   evidenced  by  the  smart  bleeding  that  occurs  if  the 
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surface  of  the  ulcer  be  subjected  to  even  a  slight  degree  of 
rough  treatment.  It  is  from  the  presence  of  these  '  granula- 
tions '  on  the  surface  of  such  a  healing  part  that  the  tissue 
which  is  destined  to  repair  the  wound  is  called  'granulation 
tissue.' 

If  a  microscopic  section  be  made  of  such  a  granulating  wound 
at  right  angles  to  the  free  surface,  it  will  be  seen  that  a  large 
number  of  capillary  blood-vessels  run  in  more  or  less  parallel 
lines  from  the  deeper  parts  to  the  surface  of  the  wound.  These 
capillaries  do  not  fully  reach  the  surface,  but  are  covered 
either  by  a  small  amount  of  fibrin  or  by  a  few  layers  of  cells 
resembling  haemal  leucocytes,  or  by  a  mixture  of  both  in  varying 
proportions.  Nor  do  they  end  in  free  extremities,  but  imme- 
diately beneath  the  layer  of  fibrin  and  cells  that  has  been 
mentioned  they  form  a  complete  curve  and  run  in  a  direction 
away  from  the  surface.  These  blood-vessels,  therefore,  form 
loops  analogous  to  the  loops  of  Henle  in  the  kidney,  and  from 
this  fact  they  are  known  as  'granulation  loops.'  In  the  depth 
of  the  wound  these  loops  may  be  seen  to  be  continuous  with 
capillary  blood-vessels  belonging  to  the  uninjured  tissues,  so  that 
there  is  no  difficulty  in  arriving  at  the  conclusion  that  the  new 
capillary  blood-vessels  in  granulation  tissue  are  formed  from  pre- 
existing capillaries  of  the  normal  parts. 

In  the  embryo  Billroth  described  three  methods  after  which 
new  blood-vessels  are  formed.  In  the  first  of  these,  solid 
cylinders  of  cells  closely  united  to  one  another  are  laid  down ; 
these  cylinders  subsequently  become  hollow  by  the  transforma- 
tion of  the  axial  cells  of  the  cylinder  into  blood-corpuscles 
which  are  afterwards  carried  into  the  circulation.  In  the 
second,  more  or  less  fusiform  cells  arrange  themselves  in  such 
positions  as  to  enclose  spaces  which  are  irregular  at  first  but 
later  become  converted  into  the  channels  of  blood-vessels.  In 
the  third,  solid  buds  are  formed  from  pre-existing  capillaries 
after  the  manner  described  below  ;  these  become  canalised  and 
finally  serve  as  capillaries.  So  far  as  the  lumen  is  concerned, 
the  first  and  third  methods  are  similar  in  that  the  canalisation 
of  the  solid  protoplasmic  masses  is  considered  to  be  carried  out 
by  vacuolation  of  the  central  part  of  the  protoplasm,  and  these 
methods  are  generally  accepted,  but  the  majority  of  authors  at 
the  present  day  do  not  accept  the  second  or  inter-cellular  mode  of 
formation. 

Thoma,  however,  beheves  that  the  lumen  in  all  cases  of  new 
formation  of  blood-vessels  is  of  inter-cellular  origin.    He  acknow- 
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tedges  two  varieties  of   new  vessel  formation,  '  primary  new 
formation  of  vessels '  and  '  new  formation  of  vessels  by  budding.' 
In  his  first  method,  which  takes  place  when  the  first  capillaries 
are  being  formed  in  the  vascular  area  of  the  embryo,  the  cells  of 
the  mesoblast  become  arranged  in  strands  in  the  vascular  area. 
In  these  strands  rounded  spaces  appear  between  the  cells,  and 
the  margins  of  the  cells  towards  the  spaces  are  more  refractile. 
The  spaces,  which  are  filled  with  a  clear,  probably  fluid,  sub- 
stance, open  into  one  another  and  thus  form  the  first  capillaries 
of  the  vascular  area,  and  the  cells  around  the  hollow  spaces 
become    gradually    transformed    into    pavement  epithelium. 
Thoma's  second  method  of  new  vessel  formation  by  budding— 
and  this  method  is  practically  identical  with  that  described  by 
Billroth— begins  in  the  vascular  area  as  soon  as  the  first  capillary 
network  is  formed.     The  protoplasm  of  the  endothelial  cells 
forming  the  walls  of  the  pre-existing  capillaries  sends  out  solid 
conical  buds  which  grow  into  long  threads  ;  at  the  same  time  the 
nuclei  of  the  endothelium  of  the  capillary  wall  divide  by  karyo- 
kinesis,  so  that  nuclei  are  generally  to  be  found  in  the  base  of  the 
cone-shaped  bud.    The  long  thread-Hke  prolongations  of  the  buds 
then  unite  with  neighbouring  ones,  and  in  this  way  form  proto- 
plasmic bridges  between  different  portions  of  the  capillary  net- 
work.   New  formative  cells  not  infrequently  arise  along  the  side 
of  the  buds.    The  buds  then  gradually  become  hollowed  out, 
generally  beginning  from  the  lumen  of  the  capillary,  to  the  wall 
of  which  they  are  attached,  and  the  lumen  is  pushed  into  the 
buds  in  such  a  way  that  its  sharp  outline  is  always  distinguish- 
able.   When  these  processes  have  been  completed  in  two  buds 
which  together  bridge  over  the  space  between  two  capillaries, 
the  bridge  has  become  hollow  in  its  whole  length,  and  a  new 
capillary  has  thus  been  formed  connecting  the  two  old  capilla- 
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In  post-embryonic  life  this  method  of  new  formation  of  vessels 
by  budding  is  the  only  method  known.  It  was  gtudied  by  various 
authors  and  notably  by  Arnold,  who  investigated  the  process  m 
the  tail  of  the  tadpole,  in  the  cornea,  and  in  the  vitreous  humour. 
A  newly  formed  blood-vessel  is  always  a  capillary.  If  further 
development  take  place  and  the  ultimate  result  be  the  formation 
of  an  artery  or  vein,  the  muscular  coat  is  probably  formed  by  the 
extension  of  muscular  elements  from  pre-existing  blood-vessels. 
In  the  embryo,  however,  the  muscular  coat  is  probably  m  part 
formed  by  a  transformation  of  cells  apposed  to  the  sides  of  the 
young  capillaries.    The  elastic  elements  of  newly  formed  arteries 
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and  veins  are  generally  considered  as  products  of  the  muscular 
coat. 

The  arrangement  of  the  young  fibrous  strands  in  repair  is 
largely  determined  by  the  direction  taken  by  the  new  blood- 
vessels, and,  judging  from  the  experiments  of  Sherrington  and 
Ballance,  by  the  lines  laid  down  by  the  filaments  of  fibrin  formed 
in  the  inflammatory  exudation.  In  any  healing  wound  the  young 
fibrous  tissue  and  fibroblasts  are  to  be  found  arranged  in  greatest 
amount  and  most  regularly  in  the  direction  of  and  in  the 
immediate  neighbourhood  of  the  granulation  capillaries.  Con- 
sequently, the  new  strands  of  fibrous  tissue  in  repair  of  an  open 
wound,  such  as  a  healing  ulcer,  are  principally  arranged  at  right 
angles  to  the  free  surface  of  the  wound.  This  is  only  true,  how- 
ever, for  the  youngest  part  of  the  repair  tissue,  for  in  deeper  and 
more  fully  formed  reparative  fibrous  tissue  the  cells  and  the  fibrous 
tissue  bundles  show  a  much  more  intricate  arrangement ;  in 
particular  it  is  common  to  find  that  the  general  direction  of  the 
young,  highly  cellular,  fibrous  tissue  is  parallel  to  the  surface  of 
the  wound,  and  therefore  at  right  angles  to  the  direction  taken 
by  the  granulation  capillaries. 

This  disposition  of  the  interlacing  fibrous  tissue  is  of  very 
great  importance  from  the  point  of  view  of  later  changes  occurring 
in  the  repair  tissue.  It  is  a  characteristic  of  fibrous  tissue  that  so 
long  as  it  lives  it  undergoes  contraction,  most  rapidly  when  it  is 
young,  less  rapidly  as  its  age  advances.  That  the  vascularity  of 
the  young  fibrous  tissue  in  repair  is  very  considerable  is  shown 
by  the  pink  or  red  colour  of  a  recent  scar,  and  the  change  from 
the  pinkness  of  a  young  scar  to  the  dead  whiteness  of  an  old  scar 
depends  upon  the  fact  that  during  its  contraction  the  reparative 
fibrous  tissue  obliterates  a  very  large  proportion  of  the  blood- 
vessels which  were  originally  present  in  the  granulation  tissue. 
The  constant  contraction  of  fibrous  tissue  is  also  accountable  for 
the  fact  that  an  old  scar  is  commonly  depressed  below  the  level  of 
the  skin.  A  very  good  example  of  these  two  conditions  is  seen  in 
the  changes  that  occur  after  small-pox.  At  first,  the  scars  left  on 
the  face  and  elsewhere  by  repair  of  the  ulcers  formed  during  the 
course  of  the  disease  are  red  and  on  a  level  with  the  untouched 
skin  in  the  neighbourhood.  But  with  the  lapse  of  some  months, 
contraction  of  the  reparative  fibrous  tissue  leads  to  the  formation 
of  the  well-known  white  '  pits '  or  '  pock-marks  '  with  which  the 
face  of  such  patients  as  have  suffered  severely  are  deeply  and 
permanently  scarred. 

Elastic  Tissue. — The  changes  undergone  by  elastic  tissue  in 
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inflammation  have  recently  been  investigated  by  many  workers, 
and  it  is  found  that  new  formation  of  elastic  tissue  is  of  very  fre- 
quent occurrence  under  a  great  variety  of  conditions.  It  is  formed 
from  pre-existing  elastic  tissue,  and  that  which  is  present  in  the 
vessel  walls  is  usually  the  starting  point  for  the  hyperplasia. 
Kegeneration  of  the  elastic  tissue  seems  to  be  a  more  chronic 
process  than  regeneration  of  ordinary  fibrous  tissue.  Jores  found 
the  first  fibres  in  a  scar  5-6  weeks  after  the  injury  ;  at  5-6  months 
they  were  present  in  large  numbers  and  formed  a  sub-epithelial 
network  of  fine  interlacing  fibres.  A  slight  increase  continued  up 
to  1-2  years.  He  believes  that  they  possibly  arise  from  the 
gradual  modification  of  a  formerly  cellular  into  an  ultimately 
elastic  tissue  with  perhaps  an  intermediate  collagenous  stage. 

(iii)  Muscle,  Nerve,  Gland. — In  the  case  of  what  we  may 
consider  to  be  more  highly  specialised  tissues,  such  as  muscle, 
gland,  and  nerve,  questions  of  repair  are  very  difficult.  In  the 
case  of  epithelium  and  fibrous  tissue,  repair  and  regeneration  are 
synonymous  terms,  but  here,  at  the  very  onset,  we  have  to.  distin- 
guish the  two  processes  For  there  is  no  doubt,  if  a  considerable 
portion  of  muscle,  gland,  or  nerve  substance  has  been  removed  or 
destroyed,  that  the  greater  portion  of  repair  is  not  regeneration, 
but  replacement,  since  the  space  left  by  destruction  of  any  of  these 
tissues  is  filled  up  by  a  tissue  different  from  that  which  existed  in 
the  region  originally.  In  all  these  cases  repair  is  carried  out  by  an 
overgrowth  of  fibrous  tissue,  and  for  this  reason  in  the  higlier 
animals  '  repair  '  comes  to  be  synonymous  with  '  new  fibrous  tissue 
formation.'  Eepair  of  highly  specialised  tissues  in  such  animals 
certainly  occurs,  but  whether  regeneration  occurs  is  a  different 
matter. 

(a)  Unstriped  Muscle. — If  we  consider  unstriped  muscle,  it 
seems  reasonable  to  expect  that  when  there  is  destruction,  repair 
should  be  carried  out  by  regeneration  of  similar  unstriped  muscle. 
We  know  that  unstriped  muscle  fibres  can  proliferate,  because  the 
changes  seen  in  the  uterus,  for  example,  in  successive  pregnancies, 
can  only  happen  because,  under  the  stimulus  of  conception,  the 
latent  proliferative  power  of  the  muscle-cells  is  called  into  play. 
But  as  a  matter  of  fact,  we  find  that  if  a  part,  such  as  the  uterus, 
bladder,  or  intestine,  into  whose  composition  unstriped  muscle 
largely  enters,  be  the  seat  of  injury,  repair  is  carried  out,  not  by 
the  new  formation  of  unstriped  muscle,  but  by  the  new  formation 
of  fibrous  tissue.  We  have  here  a  remarkable  instance  of  the 
fact  that  the  kind  of  stimulus  is  important  in  determining  the 
kind  of  cell  proliferation  that  shall  take  place;  for  as  in  the 
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uterus,  so  in  the  other  viscera  that  have  been  mentioned,  stimuH 
of  a  certain  kind  lead  to  prohferation  of  the  unstriped  muscular 
tissue.  In  the  same  organ  one  kind  of  stimulus  leads  to  prolifera- 
tion of  muscle  fibre  cells,  another  kind  of  stimulus  leads  to 
proliferation  of  connective  tissue  cells. 

{b)  Striated  Muscle. — Eepair  of  striated  muscle  also  takes 
place  by  formation  of  fibrous  tissue,  but  there  is  no  definite 
evidence,  in  spite  of  assertions  to  the  contrary,  that  regeneration 
of  striated  muscle  ever  occurs.  In  this  respect  there  is  a  differ- 
ence between  the  two  kinds  of  muscle,  for  one  must  regard  the 
unstriped  muscle  found  in  the  pregnant  uterus  and  in  the'  newly 
formed  arteries  and  veins  of  sca^r  tissue  as  having  been  regenerated. 

(c)  Nerve. — The  same  distinction  between  regeneration  and 
repair  must  be  made  in  the  case  of  nerves  and  glands.  If  a  nerve 
be  divided,  and  the  two  ends  be  brought  together,  assuming  other 
conditions  to  be  favourable,  repair  of  the  wound  takes  place,  and 
the  anatomical  continuity  of  the  nerve  is  re-established  by  the 
formation  of  the  necessary  amount  of  new  fibrous  tissue  between 
the  two  ends.  But  re-establishment  of  functional  activity  may 
be  long  delayed,  or,  indeed,  may  never  take  place  at  all,  and  in 
that  case  one  must  conclude  that  though  repair  takes  place, 
regeneration  is  absent.  On  the  other  hand,  in  fortunate  cases, 
physiological  continuity  of  such  a  divided  nerve  may  in  time  be 
fully  re-established.  How  this  result  is  attained  is  a  subject  of 
discussion,  but  the  balance  of  evidence  seems  to  be  in  favour  of 
the  view  that  such  functional  fibres  as  are  found  at  a  later  date, 
in  the  case  of  an  efferent  nerve,  on  the  distal  side  of  the  original 
seat  of  injury,  are  produced  by  direct  downward  growth  of  the 
central  ends  of  the  cut  axis-cylinders  which  are  in  connection 
with  the  living  ganglion  cells,  and  the  nutrition  of  which  is  there- 
fore maintained.  The  reason  why  the  new  fibres  in  the  distal 
part  of  the  nerve  lie  in  the  old  trunk  is  probably  because  they  find 
least  resistance  in  this  direction  to  their  growth.  Eegeneration 
of  nerve,  if  this  view  be  correct,  must  therefore  be  strictly 
analogous  to  the  formation  of  unstriped  muscle  in  the  case  of 
newly  formed  arteries. 

Ballance  and  Purves  Stewart  have  made  experiments  which 
lead  them  to  believe  that  regeneration  of  nerves  does  not  take 
place  in  the  manner  described,  but  that  a  local  new-formation  of 
nerve  fibrils  results  from  the  proliferation  of  the  neurilemma  cells 
and  their  elongation  until  one  cell  overlaps  the  cells  immediately 
above  and  below  it.  These  fibres  formed  in  the  distal  end  of  a 
divided  nerve  are  not  functional,  but  are  ready  to  be  activated  so 
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soon  as  a  complete  chain  has  been  estabHshed  between  centre  and 
periphery.  Langley  and  Anderson  showed  that  such  prohferation 
in  the  distal  segment  of  a  divided  nerve  remains  absent  for  so- 
long  as  124  days  if  all  nerve  fibrils  coming  to  the  peripheral  stump 
from  its  neighbourhood  in  the  tissues  are  completely  divided. 
The  undoubted  regeneration  of  nerve  fibrils  in  the  peripheral 
portion  of  the  divided  nerve  in  Ballance  and  Purves  Stewart's 
experiment  they  therefore  maintain  is  not  actually  independent  of 
the  nervous  system. 

In  the  case  of  the  brain  regeneration  appears  to  be  entirely 
absent,  and  repair  is  extraordinarily  slow.  Thus  Hegler  found  in 
two  human  cases  that  there  was  no  regeneration  of  nerve  fibres 
or  ganglion  cells  or  proliferation  of  neuroglia,  but  only  scar  tissue 
of  the  ordinary  kind.  In  one  case,  eight  years  after  the  injury^ 
firm  connective  tissue  poor  in  blood-vessels  was  present,  and  in 
the  other,  which  was  examined  three  years  after  injury,  there  still 
existed  young  vascular  granulation  tissue  which  was  passing  into 
scar  tissue.  Chenzinski,  too,  described  a  case  in  which  a  student 
shot  himself  fatally  twenty-seven  months  after  having  made  an 
abortive  attempt  at  suicide  by  shooting  himself  through  the- 
brain.  At  the  autopsy  the  track  of  the  bullet  wound  in  the  first 
attempt  was  found  filled  with  granulation  tissue  derived  from  the 
connective  tissue  of  the  blood-vessels.  In  none  of  the  three  cases 
did  the  neuroglia  share  in  the  formation  of  the  scar  tissue. 

(d)  Gland.— Couceining  glands  the  case  is  yet  again  some- 
what different.  If  the  main  bulk  of  the  gland  lies  in  the  depth 
of  a  mucous  membrane  strict  regeneration  may  take  place.  Thus 
in  the  female  the  tubular  glands  of  the  endometrium  are  re- 
formed every  month  in  spite  of  the  fact  that  by  far  the  greater 
part  of  the  total  length  of  each  gland  is  cast  off  with  the  disinte- 
grated mucous  membrane  that  is  shed  at  each  menstrual  period. 
But  the  bases  of  the  glands  lie  not  in  the  endometrium  but  ni 
the  muscular  tissue,  so  that  there  is  always  in  the  healthy  state 
of  the  uterus  a  certain  portion  of  the  gland  left  from  which 
regeneration  can  take  place.  On  the  other  hand,  if  a  portion  of 
such  a  gland  as  the  mamma  be  removed,  repair  and  not  regenera- 
tion follows,  or  at  least  is  the  more  obvious  condition. 

One  cannot  definitely  assert,  however,  that  regeneration  of 
gland  substance  in  such  a  case  as  the  one  last  mentioned  does  not 
occur,  for,  according  to  Ponfick  and  others,  after  removal  of  con- 
siderable portions  of  liver  and  kidney,  a  true  regeneration  of  the 
essential  gland  substance  takes  place  by  division  of  the  stiU 
remaining  elements.    A  distinction  must  be  made,  however,  in 
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the  case  of  glands,  between  regeneration  of  glandular  epithelium,, 
which  is  a  comparatively  simple  process,  having  its  analogies  with 
regeneration  of  epithelium  in  ordinary  life,  and  the  regeneration 
of  glands  as  composite  bodies.  The  former  must  be  very  common 
and  complete  ;  but  the  latter,  we  have  reason  to  believe,  is  very 
rare  and  incomplete.  It  is  probably  because  of  the  great 
simplicity  of  the  uterine  glands  that  their  regeneration  is  so 
readily  effected  ;  anatomically,  they  consist  of  little  more  than  a. 
single  layer  of  epithelial  cells. 

Giant  Cells. — Before  proceeding  to  describe  the  modes  in 
which  repair  takes  place  under  different  conditions,  it  is  necessary 
to  mention  briefly  a  variety  of 
cell — the  giant  cell — which  is 
very  frequently  found  in  asso- 
ciation with  the  sequels  of  in- 
flammation, though  in  the  nor- 
mal body  it  is  only  found  in 
red  medulla  of  bone. 

Giant  cells  vary  in  size  ;  in 
one  case  they  are  perhaps  only 
twice  the  size  of  the  hyaline 
cell,  in  other  cases  they  may  be 
forty  or  fifty  times  its  size. 
Their  characteristic  feature  is 
that  they  consist  of  a  mass  of 
undifferentiated  protoplasm  in 
which  is  present  a  variable 
number  of  nuclei.  The  proto- 
plasm is  hyaline  and  shows 
no  intrinsic  granules,  though 
function,  to  which  reference  will  be  made  below,  foreign  par- 
ticles of  the  greatest  diversity  may  be  found  within  the  cells. . 
Usually  in  microscopical  specimens  the  cell  is  separated  by  a 
more  or  less,  well  defined  space  from  the  surrounding  tissue,  but 
this  is  probably  artificial,  and  due  to  contraction  of  the  protoplasm 
during  the  process  of  hardening.  Not  infrequently  the  proto- 
plasm sends  prolongations  in  various  directions,  go  that  the  out- 
Ime  of  the  cell  is  somewhat  irregular  ;  indeed,  a  giant  cell  has  no 
'  typical '  shape. 

The  number  of  nuclei  present  in  a  giant  cell  is  no  less  variable- 
than  the  size  and  shape  of  the  cell  itself.  Sometimes  only  two- 
or  three,  sometimes  as  many  as  a  hundred,  nuclei  may  be  seen  in 
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Fig.  8. — Giant  Cells,     x  60. 

Different  forms  of  giant  cells  obtained 
from  a  case  of  tuberculous  disease  of" 
the  knee. 


as  a  result  of  the  phagocytic. 
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a  single  cell.  Generally,  however,  the  number  of  nuclei  in  a 
giant  cell  seen  in  a  microscopical  section  is  about  eight  or  ten. 
The  arrangement  of  the  nuclei  is  very  irregular  also ;  they  may 
be  crowded  together  at  one  spot,  leaving  the  main  body  of  the 
cell  free ;  or  they  may  be  more  or  less  evenly  distributed  through 
the  mass  of  protoplasm ;  or  they  may  be  arranged  for  the  most 
part  around  the  periphery  of  the  cell.  Giant  cells  found  in 
tuberculosis  are  roughly  characteristic  of  this  variety  of  inflamma- 
tion, the  nuclei  being  usually  arranged  somewhat  in  the  form  of  a 
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Fig.  9. — Giant  Gklls. 


X  420. 


Four  of  the  giant  cells  from  the  preceding  figure  more  highly  magnified.  In 
the  case  of  B,  and  to  a  less  extent  in  the  cases  of  G  and  D,  it  is  easy  to 
imagine  that  the  appearances  might  be  due  to  local  multiphcation  of  ^en- 
dothelial cells  in  a  lymphatic  or  other  vessel  the  contents  of  which  had 
coagulated. 

crescent  at  one  end  of  the  cell,  and  the  outline  of  the  protoplasm 
being  rounded  at  this  extremity.  The  appearance  yielded  by  the 
cell  as  a  whole  is  thus  often  highly  suggestive  as  to  the  nature  of 
the  inflammatory  process  in  which  it  is  present.  The  nuclei  of 
giant  cells  may  be  large  or  small,  oval  or  round,  and  may  stain 
deeply  or  faintly. 

Giant  cells  may  be  found  in  any  variety  of  inflammation,  but 
they  are  especially  common  in  inflammation  of  bone,  in  tuber- 
culosis, and  in  streptothricial  infections  (actinomycosis),  facts 
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which  suggest  that  chronicity  of  inflammation  plays  some  part 
in  their  formation.  According  to  Sherrington  and  Ballance's 
experiments  on  the  guinea-pig,  giant  cells  were  found  in  the  glass 
chambers  used  three  days  after  the  chambers  had  been  inserted 
into  the  subcutaneous  tissue.  In  the  dog,  under  approximately 
similar  conditions,  Ziegler  did  not  find  them  until  about  the 
tenth  or  twelfth  day. 

There  is  some  doubt  as  to  the  manner  in  which  giant  cells  are 
formed.  They  may  apparently  either  be  produced  by  fusion  of 
the  protoplasm  of  many  cells,  the  nuclei  remaining  distinct,  or  by 
repeated  division  and  subdivision  of  the  nucleus  of  one  cell,  the 
protoplasm  of  which  does  not  segment  as  in  normal  cell  prolifera- 
tion.. Judging  from  analogy,  the  former  method  would  seem  to 
be  the  more  probable,  for  the  formation  of  plasmodial  masses  by 
wandering  cells  may  readily  be  observed  outside  the  body  in  a 
hanging  drop,  in  which,  besides  the  wandering  cells,  bacteria  are 
also  present.  Whether  the  presence  of  many  nuclei  in  un- 
differentiated protoplasm  is  to  be  regarded  as  a  sign  of  weakness 
of  the  cell  (Weigert)  or  as  the  sign  of  a  reaction  to  a  powerful 
'formative'  stimulus  (Virchow),  it  is  difficult  to  say,  but  accord- 
ing to  Weigert  many  of  the  nuclei  in  the  periphery  of  the  cells 
are  dead  or  degenerated. 

In  some  cases  appearances  very  similar  to  those  presented  by 
giant  cells  are  pure  artefacts,  as,  for  example,  when  either  a 
lymphatic  or  a  capillary  blood-vessel  filled  with  solid  but  amorph- 
ous substance  is  seen  in  transverse  section.  There  is  then  found 
a  central  slightly  granular  mass,  around  which  is  arranged  a  more 
or  less  regular  layer  of  endothelial  nuclei.  If  the  nuclei,  owing  to 
localised  proliferation  of  endothelium,  are  heaped  together  at 
certain  spots  on  the  periphery,  it  may  be  almost  impossible  to 
determine  with  certainty  whether  such  an  appearance  is  a  true 
giant  cell  or  no. 

As  to  the  nature  of  the  cells  concerned  in  the  formation  of 
giant  cells  there  is  also  some  doubt,  but  most  probably  they  arise 
from  the  fixed  tissue  cells,  using  that  term  in  the  broadest  sense. 
Arnold,  however,  believes  that  they  are  of  hsematogenous  origin, 
and  Weigert  that  they  depend  upon'  endogenous  proliferation 
of  endothelial  cells.  Babes  holds  that  they  originate  from  the 
solid  processes  that  are  formed  from  the  minute  blood-vessels  in 
inflammatory  tissue,  and  are  therefore  really  arrested  capillaries 
and  of  endothelial  origin. 

It  has  already  been  said  that  the  giant  cells  found  in  bone 
(osteoclasts)  are  phagocytic ;  this  property,  which  led  MetchnikofP 
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to  include  giant  cells  among  his  group  of  '  magrophages,'  is 
common  to  giant  cells  generally,  but  it  is  not  known  whether  the 
property  is  universal.    They  englobe  not  only  bacteria  but  also 
entire  cells — indeed,  a  view  that  was  at  one  time  put  forward  was 
that  the  nuclei  of  a  giant  cell  are  the  still  undigested  nuclei  of 
cells  that  had  previously  been  englobed  and  the  protoplasm 
of  which  had  been  digested.    Just  as  osteoclasts  remove  the 
trabeculEB  of  bone  in  rarefying  osteitis,  so  giant  cells  in  other 
parts  may  remove  the  dead  fibrous  tissue  and  fibrin  resulting 
from  inflammation.    Soudakewitch  in  chronic  inflammation  of 
skin  {e.g.  lupus)  actually  observed  that  giant  cells  surround  and 
destroy  the  elastic  fibres  of  the  skin.    From  this  it  follows  that 
giant  cells  may  be  amoeboid,  but  whether  all  varieties  of  giant 
cell  are  amoeboid,  or  whether  they  are  amoeboid  only  during 
certain  phases  of  their  life-history,  is  unknown.    It  is  for  the 
most  part  agreed  that  giant  cells  undergo  no  further  development, 
and  in  particular  that  they  bear  no  part  in  the  formation  of 
fibrous  tissue  in  repair.    According  to  one  view  (Creighton)  giant 
cells  are  vaso-formative,  but  there  seems  to  be  no  distinct  evidence 
in  favour  of  this  view,  and  there  is  some  evidence  to  the  contrary 
(Sherrington  and  Ballance). 

VI.  The  Progress  of  Repair. — It  will  conduce  to  a  clearer 
understanding  of  the  processes  intervening  between  the  moment 
when  an  irritant  commences  to  act  and  the  completion  of  repair, 
if  we  take  certain  specific  examples  and  trace  them  from  begin- 
ning to  end.  For  this  purpose,  conditions  where  the  macro- 
scopic appearances  presented  are  widely  dissimilar  are  the  most 
suitable,  for  in  that  way  the  statement  that  the  essential  pro- 
cesses underlying  inflammation  and  its  sequels  are  everywhere 
the  same  will  be  more  strikingly  brought  out.  With  this  object 
we  shall  examine  as  shortly  as  possible  the  healing  of  a  wound, 
the  repair  of  a  long  bone  fractured  by  mechanical  injury,  and  the 
formation  of  a  fibroid  pleurisy. 

(i)  Healing-  of  a  Wound.— Five  methods  were  formerly  de- 
scribed by  which  healing  of  a  wound  might  possibly  take  place. 
These  methods  were  :  (i)  healing  by  immediate  union ;  (ii)  heal- 
ing by  first  intention  ;  (iii)  healing  by  second  intention ;  (iv) 
healing  by  secondary  adhesion  ;  (v)  healing  under  a  scab.  In 
healing  by  primary  union  it  was  supposed  that  actual  union  of 
divided  cells  and  fibres  takes  place,  but  there  is  no  doubt  that 
such  a  method  of  repair  never  occurs,  at  all  events  in  higher 
animals;  it  may  therefore  be  completely  disregarded.  The 
distinction  made  between  heahng  by  first  intention  and  healing 
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'by  second  intention  was,  that  in  the  former  case  no  pus  is 
produced,  whereas  in  the  latter  case  healing  occurs  after  super- 
vention of  suppuration.  .Eepair  by  second  intention  is  the  slower 
process  of  the  two,  and,  as  a  rule,  the  resulting  scar  is  larger  than 
it  would  have  been  if  the  same  wound  had  healed  by  first 
intention.  In  healing  under  a  scab  a  hard  mass  of  dried  exuda- 
tion, blood  &c.  covers  the  seat  of  repair,  but  actually  there  is  no 
•difference  in  this  method  from  the  method  of  healing  in  the  two 
previous  cases.  When  healing  under  a  scab  takes  place,  however, 
repair  is  generally  by  first  intention.  Healing  by  secondary 
adhesion  was  said  to  occur  when  two'  suppurating  surfaces  were 
brought  together  with  the  subsequent  formation  of  reparative 
tissue  between  them. 

Since  healing  by  primary  union  and  healing  under  a  scab  must 
be  discarded  as  distinctive  methods  of  healing,  we  therefore  reduce 
the  methods  of  healing  to  three  :  (i)  healing  by  first  intention  ; 
(ii)  healing  by  second  intention  ;  (iii)  healing  by  secondary  ad- 
hesion. When  these  three  methods  have  been  described,  it  will 
be  seen  that,  however  different  they  may  be  macroscopically, 
the  processes  at  work  are  in  all  cases  the  same.  The  difference 
between  healing  by  first  intention  (where  pus  is  not  formed)  and 
healing  by  second  intention  and  by  secondary  adhesion  (where  pus 
is  formed)  depends  upon  the  fact  that  microbial  irritants  play  an 
important  part  in  the  two  latter  cases  but  an  unimportant  part  in 
the  former  case. 

{a)  The  Wound  is  Aseptic.  Healing  by  First  Intention. — If 
an  incision  be  made  through  the  living  skin  and  subcutaneous 
tissues  with  strict  antiseptic  precautions,  the  wound  gapes  some- 
what and  the  blood  which  escapes  from  the  cut  vessels  fills  the 
cavity.  Part  of  this  blood  escapes,  but  part  coagulates  and 
remains  between  the  cut  edges  of  the  wound.  The  knife,  the 
tissues  actually  destroyed  by  the  knife,  and  the  blood-clot  act  as 
primary  and  subordinate  irritants  and  produce  inflammation 
in  the  surrounding  tissues  which  is  of  small  extent,  but  which  is 
accompanied  by  the  acceleration  with  subsequent  slowing  of 
blood-current,  the  migration  of  wandering  cells,  the  exudation  of 
fluid  that  characterise  every  inflammation.  Around  this  zone  of 
dnflammation  lies  a  zone  of  potential  repair  where  there  is  active 
hypersemia  associated  with  exudation  and  proliferation  of  cells, 
principally  of  the  connective  tissue  and  endothelial  types.  These 
zones  of  inflammation  and  of  potential  repair  are  present  in  all 
cases  ;  it  does  not  matter  how  deep  the  wound  may  have  been  so 
long  as  it  has  involved  the  true  skin  and  the  patient  has  not  died 
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from  the  injury,  nor  how  wide  the  edges  may  have  gaped,  nor 
how  great  an  amount  of  clot  may  lie  between  the  edges. 

The  exudation  from  the  inflamed  vessels  and  the  migrated 
leucocytes  make  their  way  in  large  part  •  to  the  cut  surfaces  of  the 
wound  and  mix  there  with  the  peripheral  portions  of  the  blood- 
clot,  forming  with  it  a  coagulum  of  greater  or  less  extent,  which 
fills  the  space  between  the  cut  surfaces.    The  coagulum  rapidly 
contracts  and  brings  the  edges  of  the  wound  closer  together,  but 
at  the  same  time  it  acts  as  a  mild  irritant  and  keeps  up  the  in- 
flammation.   The  tissues  for  a  short  distance  from  the  raw  sur- 
faces therefore  become  oedematous  from  'exudation,   and  are 
infiltrated  with  wandering  cells,  which  also  invade  the  coagulum 
itself.    In  the  coagulum,  besides  the  contraction,  there  has  also 
been  going  on  a  breaking  down  of  the  red  blood-corpuscles  and  a 
setting  free  of  irregular  granules  of  altered  blood-pigment,  which, 
together  with  the  debris  of  the  corpuscles,  is  taken  up  by  the 
phagocytic  wandering  cells  and  carried  away,  so  that  the  coagulum, 
which  was  at  first  red,  later  becomes  grey  or  colourless.    At  the 
same  time,  new  formation  of  blood-vessels  has  been  taking  place 
in  the  zone  of  potential  repair,  and  the  new  capillaries,  lined  on 
the  outside  with  fibroblasts,  pass  into  the  modified  coagulum, 
being  supported  by  the  fibrinous  network  as  by  a  scaffolding.  In 
this  way  the  clot  is  vascularised  by  a  number  of  young  capillary 
blood-vessels  running  at  right  angles  to  the  surfaces  of  the  wound 
and  traversing  the  wound  from  side  to  side.    As  the  vessels  push 
onwards,  the  fibrinous  network  of  the  coagulum,  the  remains  of 
red  blood-corpuscles,  and  probably  also  the  finely  granular  oxyphil 
cells  (which  were  earliest  in  the  field),  are  removed  by  the  hyaline 
and  other  phagocytic  cells.    Ultimately  the  place  originally  occu- 
pied by  the  blood-clot  is  occupied  by  a  mass  of  young  and  very 
vascular  connective  tissue.    Over  this  tissue  epitheUum  grows 
from  pre-existing  epithelium  and  the  space  is  filled  up  and 
covered  over.    Eepair  is  now  complete,  but  the  young  fibrous 
tissue  contracts,  and  partly  by  its  own  contraction,  partly  by  that 
of  the  new  elastic  fibres  that  are  formed  later,  obliterates  all  or 
most  of  the  blood-vessels,  so  that  the  resulting  scar  becomes 
dead-white,  and  as  a  rule  depressed  beneath  the  general  level  of 
the  skin.  The  length  of  time  occupied  by  the  process  in  a  healthy 
subject  depends  principally  upon  the  amount  of  coagulum  that 
has  to  be  removed  and  the  amount  of  reparative  tissue  that  is 
required  to  fill  the  gap.    If  the  edges  of  the  wound,  instead  of 
being  allowed  to  gape,  are  brought  together,  these  factors  are 
considerably  reduced,  the  size  of  the  resulting  scar  is  dimmished,. 
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and  the  actual  time  taken  in  bringing  about  complete  repair  is 
reduced  also. 

(b)  The  Wound  is  Septic.  Healing  by  Second  Intention. — In 
considering  the  healing  of  a  wound  by  second  intention,  the  chief 
points  to  be  borne  in  mind  are  that  the  irritant  (because  it  con- 
tains a  bacterial  factor)  is  generally  more  intense,  that  its  sphere 
of  influence  is  likely  to  spread,  and,  as  a  result  of  these  conditions, 
that  its  action  is  prolonged.  These  facts  of  themselves  explain 
why  the  inflammation  due  to  the  primary  irritant  passes  into 
one  of  the  pathological  sequels  of  inflammation  (pus-formation). 
They  also  indicate  that  the  tissue  destruction  in  this  case  must 
be  greater  than  when  the  contrary  conditions  obtain,  as  they  do 
to  a  large  extent  in  healing  under  aseptic  conditions  {i.e.  by  first 
intention) . 

Heahng  by  second  intention  is  a  much  slower  process  than 
healing  by  first  intention.  Por  though  in  both  cases  there  is  dead 
material  to  be  removed  before  repair  can  be  completed,  in  healing 
by  first  intention  the  irritant  does  not  form  substances  which  are 
themselves  injurious  to  the  newly  proliferated  tissue  cells,  whereas 
in  healing  by  second  intention  the  young  cells  are  hampered  in 
their  phagocytic  and  reparative  functions,  because  they  are 
exposed  to  the  action  of  highly  injurious  chemical  substances  of 
bacterial  origin.  The  chronicity  of  healing  by  second  intention 
further  depends  upon  the  fact,  that  a  wound  which  is  healing  in 
this  manner  must  heal  from  the  bottom.  This,  indeed,  follows 
indirectly  from  what  has  been  already  said.  For  where  pus  is 
being  formed  the  tissues  are  degenerating,  and  degeneration  at  any 
spot  is  incompatible  with  repair  at  that  same  spot.  It  is  only 
when  the  formation  of  pus,  and  with  it  the  inflammatory  changes 
going  on  in  its  neighbourhood  have  been  stayed  at  a  given  spot, 
that  the  zone  of  potential  repair  lying  outside  the  zones  of  inflam- 
mation and  of  pus-formation  can  become  converted  into  a  zone  of 
actual  repair. 

But  by  the  nature  of  the  case  these  eventualities  are  matters 
of  some  difiiculty.  If,  however,  by  the  bactericidal  action  of  the 
exudation  or  by  phagocytosis  or  by  any  surgical  intervention,  the 
bacteria  on  the  surface  of  the  wound  are  prevented  from  exerting 
their  action  upon  the  reparative  tissue,  fibroblasts  are  able  to 
travel  further  and  further  towards  the  surface  of  the  wound, 
ranging  themselves  along  the  sides  of  newly  formed  capillary 
blood-vessels,  and  ultimately  the  composite  tissue  known  as 
granulation  tissue  is  produced.  That  this  granulation  tissue  does 
not  break  down  under  the  influence  of  the  bacterial  poison  in 
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cases  where  repair  takes  place  in  the  absence  of  special  antiseptic 
precautions,  is  due  to  the  fact  that  blood-plasma  readily  exudes 
and  leucocytes  readily  migrate  from  the  delicate  vessels  of  which 
granulation  tissue  is  so  largely  composed.  Concerning  the  action 
•of  this  exudation  and  of  these  cells  upon  bacteria  we  shall  speak 
presently,  but  there  is  no  doubt  that  but  for  them  repair  of  a 
wound  to  which  pyogenetic  bacteria  have  gained  access  would  be 
impossible.  It  is  for  the  same  reason  that  dangers  of  haemal 
infection  and  intoxication  (pyaemia,  septicaemia,  sapreemia)  cease 
with  the  formation  of  granulation  tissue,  though  no  doubt  the 
absence  of  lymphatics  from  granulation  tissue  plays  its  part  ^ 
also. 

It  is  clear,  then,  that  healing  by  second  intention  differs  from 
healing  by  first  intention  only  in  the  point  that  in  the  former 
case,  the  irritant  being  more  intense  and  persistent,  actual  repan- 
is  preceded  by  one  of  the  pathological  sequels  of  inflammation. 
The  greater  degree  to  which  irritant  action  -enters  into  the  process 
leads  to  a  greater  degree  of  inflammation,  with  its  concomitant 
greater  degrees  of  tissue  degeneration,  of  exudation,  of  leucocytic 
migration.    It  prolongs  the  duration  of  inflammatory  processes 
with  which  repair  is  incompatible,  but  since  at  some  greater  or 
less  distance  from  the  point  of  application  every  irritant  becomes 
a  stimulus,  and  since  every  such  stimulus  shows  itself  by  prolifera- 
tion of  connective  tissue  cells  and  endothelial  cells,  the  com- 
ponent parts  of  the  zone  of  potential  repair  are  the  same  m  every 
ease,  whether  the  irritant  be  great  or  small,  whether  its  action  be 
prolonged  or  not,  whether  its  nature  be  living  or  non-hvmg.  bo 
•also  the  changes  that  take  place  in  that  zone  of  potential  repair 
when  it  becomes  converted  into  a  zone  of  actual  repair  consist  in 
all  cases,  as  they  must  of  necessity  consist,  in  new  formation 
of  blood-vessels  and  new  formation  of  fibrous  tissue  where  tiie 
epithelium  is  not  involved,  and  in  new  formation  of  epithelium 
where  the  pre-existing  epithelium  is  involved.  Fundamentally 
there  is  no  distinction  between  healing  by  first  intention  ana 
healing  by  second  intention. 

Healing  by  Secondary  Adhesio7i.-B:eaXmg  by  secondai) 
adhesion,  which  is  said  to  occur  when  union  takes  place  between 
two  granulating  surfaces  brought  into  apposition,  may  be  dis- 
missed very  shortly.  For  the  apposition  of  the  two  surfaces 
prevents  the  approach  of  fresh  micro-organisms  from  the  air,  .vc 
and  such  micro-organisms  as  are  held  between  the  two  apposed 
surfaces  are  readily  dealt  with  by  the  exudation  and  the  plia^  - 
cytes.    At  the  seat  of  apposition,  therefore,  the  formerly  septic 
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surfaces  are  converted  in  a  short  time  into  aseptic  surfaces,  and 
union  proceeds  at  this  spot  as  in  a  wound  which  has  been  aseptic 
from  the  first. 

In  all  cases,  therefore,  repair  of  a  wound  consists  in  the 
removal  of  dead  material  and  the  filling  up  of  a  gap  by  formation 
of  new  blood-vessels  from  pre-existing  blood-vessels,  formation  of 
new  fibrous  tissue  from  pre-existing  fibrous  tissue  and  perhaps 
from  other  sources,  and  formation  of  new  epithelium  from  pre- 
existing epithelium. 

(ii)  Repair  of  a  Fractuped  Long-  Bone.— The  second  example 
that  we  shall  consider,  with  the  object  of  showing  that  inflamma- 
tion and  its  sequels  are  one  and  the  same  in  all  situations,  is  repair 
of  a  long  bone  fractured  by  mechanical  injury. 

Here  also  the  process  may  be  aseptic  or  septic.  When  the 
fi-acture  is  '  simple,'  i.e.  when  there  is  no  connection  between 
the  seat  of  fracture  and  the  external  air,  the  inflammatory  and 
reparative  processes  are  in  most  cases  aseptic  ;  when  the  fracture 
is  '  compound,'  i.e.  when  the  seat  of  fracture  is  in  connection  with 
the  external  air,  the  reparative  processes  at  any  spot  are  in  most 
cases  preceded  by  septic  changes  unless  special  precautions  are 
taken  by  the  surgeon  and  are  successful. 

{a)  Bepair  of  a  Simple  Fracture  of  Bone  {Aseptic). — When 
a  simple  fracture  of  bone  takes  place,  the  mechanical  injury 
which  leads  to  fracture  tears  through  the  periosteum  and  end- 
osteum  in  whole  or  in  part,  ruptures  muscle  and  connective 
tissue  with  the  blood-vessels  that  run  in  that  tissue,  and  leads  to 
effusion  of  blood.  The  effused  blood  collects  in  the  neighbour- 
hood of  the  fracture,  both  within  the  medullary  canal  and  on  the 
outside  of  the  bone.  Here  it  coagulates,  and  the  coagulum  gives 
support  to  the  two  ends  of  the  bone  and  fills  the  space  between 
them  just  as  the  coagulum  between  the  edges  of  an  incised  wound 
fills  the  space  between  the  two  cut  surfaces.  But  the  coagulum 
also  acts  as  a  mild  but  persistent  irritant  and  leads  to  the  forma- 
tion of  a  zone  of  inflammation  which  is  surrounded  by  a  zone  of 
potential  repair.  Since  the  coagulum  lies  both  within  and  without 
the  shaft  of  the  bone,  the  endosteum  and  the  periosteum  of  both 
fragments  are  involved  in  the  inflammatory  and  the  potential 
reparative  zones. 

Now  so  far  as  the  coagulum  itself  is  concerned,  changes  take 
place  within  it  identical  with  the  changes  that  we  have  described 
as  occurring  in  the  coagulum  between  the  raw  surfaces  of  an 
aseptic  wound.  That  is  to  say,  the  red  blood-corpuscles  dis- 
integrate, pigment  is  set  free,  the  clot  becomes  invaded  by 
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wandering  cells,  the  pigment  and  debris  are  removed,  and  the 
clot  becomes  decolorised.    But  at  the  same  time  the  proliferative 
changes  that  have  been  going  on  in  the  zone  of  potential  repair, 
where  that  zone  has  involved  the  endosteum  and  periosteum, 
have  led  to  new  formation  of  blood-vessels  and  hyperactivity  of 
the  osteoblasts  which  are  normally  found  in  these  tissues.  A 
tissue  hke  that  of  ordinary  granulation  tissue  is  therefore  pro- 
duced which  invades  the  clot,  but  since  the  cells  lining  the 
granulation  loops  are  osteoblasts  and  not  ordinary  fibroblasts 
they  form  bone  and  not  fibrous  tissue.    Hence  the  new  blood- 
vessels come  to  lie  in  a  matrix  of  young  bone.    The  bone  formed 
in  this  way  is  of  a  somewhat  peculiar  kind  and  is  called  '  callus. 
It  is  irregular  and  shows  none  of  the  definite  concentric  rings 
around  Haversian  canals  which  characterise  adult  bone,  but  is 
rather  of  a  spongy  nature  and  highly  vascular.    The  callus  bemg. 
formed  both  by  the  endosteum  and  by  the  periosteum,  it  follows 
that  between  the  fractured  ends  of  the  bone,  and  for  a  longer  or 
shorter  distance  within  and  without  the  upper  and  lower  ends  ot 
its  shaft,  a  mass  of  bony  tissue  is  formed,  which  occupies  the 
place  originally  occupied  by  the  blood-clot.    This  callus  has  two 
important  functions.    On  the  one  hand,  it  maintams  the  end  of 
the  bone  at  rest;  on  the  other  hand,  that  portion  which  lies 
between  the  two  ends  (the  '  definitive  '  callus)  is  destined  ultimately . 
to  fill  up  the  gap  and  re-establish  the  continmty  of  the  shaft. 

In  the  callus  further  changes  ensue.    Just  as  we  l^ave  seen 
that,  in  repair  of  a  wound,  the  fibrous  tissue  formed  by  the  fibro- 
blasts around  the  granulation  loops  gradually  increases  m  amoun 
and  density,  leading,  at  the  same  time,  to  disappearance  of  manj 
of  the  blood-vessels  and  of  the  fibroblasts  themselves,  so  m  repau 
of  a  fracture  the  bone  formed  by  the  osteoblasts  around  the  young 
blood-vessels  increases  in  amount  and  density,  leading  ultimatel) 
to  the  formation  of  a  dense  bone  in  which  Haversian  canals  are 
more  or  less  easily  recognisable.     This  ^l^f^^^g^%^^;^f  ^^^^^^ 
marked  in  the  definitive  callus.    Lastly,  after  the  definitive  callu 
has  become  sufficiently  firm,  '  provisiona     callus  (by  which 
meant  all  that  callus  which  does  not  actually  he  between  the  ends 
of  the  fractured  bone)  is  no  longer  needed ;  it  is  therefore  removed 
just  as  excess  of  fibrous  tissue  is  removed  after  the  repair  of 
wound  is  complete,  and  the  scar  is  ultimately  of  less  ex  ent  than 
It  was  at  first'  Bemoval  of  provisional  callus   akes  pla     by  a 
process  closely  akin  to  that  which  occurs     '^^'.'^y'^^'^^^^^  to 
(b)  BepaiT  of  a  Compound  Frac^m-..-It  is  not  necessaiy  o 
enter  info  the  question  of  repair  when  the  fracture  is  compound 
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and  septic,  since  the  processes  at  work  are  identical  with  those 
which  we  have  just  considered,  though  compHcated  by  the  fact 
that  caries  and  septic  necrosis  are  superadded.  Eepair  under 
these  conditions  is  therefore  associated  with  suppuration  and  bone 
destruction,  but  repair  takes  place  when  the  irritant  has  ceased 
to  act,  whether  that  irritant  be  dead  bone  or  bacteria  or  any 
other  substance. 

(iii)  Formation  of  a  Fibroid  Pleurisy.— Our  third  process— 
the  formation  of  a  fibroid  pleurisy — usually  commences  with  the 
occurrence  of  an  acute  or  a  subacute  inflammation  of  the  pleura 
and  subpleural  connective  tissue,  which  is  directly  or  indirectly 
caused  by  a  bacterial  irritant.  The  pleura  becomes  more  or  less 
hyperaemic  and  injected,  exudation  is  poured  out,  and,  whether  by 
deposition  of  fibrin  from  the  exudation  or  by  a  '  fibrinoid ' 
degeneration  of  the  connective  tissue  underlying  the  endothelium, 
a  false  membrane  is  formed.  Owing  to  the  nature  of  the  prin- 
cipal irritant,  and  the  constant  movement  on  one  another  of  the 
visceral  and  parietal  layers  of  the  pleura,  irritation  is  kept  up, 
exudation  is  poured  out  in  considerable  quantity,  and  a  network 
of  fibrin  ultimately  fills  up  the  space  between  the  affected  por- 
tions of  the  two  layers  of  pleura.  This  fibrin  holds  the  same 
position  with  regard  to  later  processes  that  is  held  by  the  blood- 
clot  in  the  two  examples  we  have  already  considered ;  it  restricts 
movement,  and  therefore  lessens  the  degree  of  irritant  action,  it 
serves  as  a  supporting  structure  for  the  young  blood-vessels  and 
the  fibroblasts  that  are  formed  in  the  zones  of  repair  situated  on 
the  pulmonary  and  on  the  costal  sides,  and. possibly  also  it  serves 
as  nutriment  for  the  young  cells.  In  course  of  time  it  is 
removed,  and  between  the  two  layers  of  the  pleura  young  blood- 
vessels are  found  lying  in  a  matrix  of  young  connective  tissue. 
The  process,  therefore,  is  strictly  analogous  to  the  healing  of  an 
aseptic  wound,  and  the  final  result  is  the  same,  for  fibrous  tissue 
bmds  the  two  layers  of  the  pleura  together  as  fibrous  tissue  binds 
the  two  surfaces  of  the  wound  together.  That  separate  fibrous 
bands  (adhesions)  pass  from  one  layer  of  the  pleara  to  the  other 
m  some  cases,  and  that  in  others  the  two  layers  are  universally 
adherent,  is  an  unessential  point,  for  in  either  case  the  final  result 
is  brought  about  in  the  same  way. 

In  the  example  given  above  the  irritant  has  been  assumed  of 
such  a  kmd  as  does  not  usually  lead  to  suppuration  in  this  region, 
because  of  its  low  intensity  compared  with  the  resisting  powers 
of  the  tissue.  Fibroid  pleurisy  frequently  occurs  when  the  irri- 
tant is  B.  tuberculosis,  or,  more  strictly  speaking,  when  the 
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irritation  is  produced  by  the  tubercles  themselves  which  result 
from  the  growth  of  B.  tuberculosis  in  the  lung.  If  the  irritant 
be  one  of  the  pyogenetic  micrococci  {e.g.  M.  pneumonice)  the 
process  of  repair  also  leads  ultimately  to  the  formation  of  a  fibroid 
pleurisy.  But  here  pus  is  usually  produced,  and,  as  in  other 
cases,  progress  of  the  repair  is  delayed  by  suppuration,  and  repair 
cannot  be  completed  until  the  irritant  has  ceased  to  act. 

VII.  Chronic  Inflammation.— Under  the  name  of  'chronic 
inflammation,'  beside  those  conditions  which  may  justly  be  re- 
ferred to  inflammation,  as  it  has  been  described  in  the  previous 
pages,  it  is  common  for  clinicians  to  use  the  term  in  reference  to 
a  change  which  essentially  consists  in  an  increase  of  the  inter- 
stitial connective  tissue  of  a  part.  Thus  when  the  fibrous  tissue 
of  an  organ,  such  as  the  liver  or  kidney,  is  increased,  they  speak 
of  '  chronic  hepatitis  '  (cirrhosis  of  the  liver)  or  '  chronic 
nephritis'  (chronic  granular  kidney).  But  in  these  and  similar 
cases  no  stage  antecedent  to  the  fibrosis  can  be  pointed  out 
during  which  inflammatory  changes  as  such  can  be  recognised, 
and  though  the  question  cannot  be  regarded  as  settled,  there  is 
growing  up  a  tendency  to  separate  these  cases  of  '  chronic  fibrosis ' 
from  inflammation.  With  this  view  the  author  agrees,  and 
therefore  chronic  fibrosis  will  be  considered  in  the  chapter  on  the 
pathology  of  nutrition. 

To  another  class  of  case  the  term  '  chronic  inflammation  '  is 
applied  more  fairly.  In  it  there  is  an  admixture  of  that  fibrosis 
which  characterises  repair  with  that  migration  of  leucocytes  &c. 
which  characterises  inflammation.  In  these  cases  there  has  been 
an  alternating  recession  and  exacerbation  of  irritant  action,  so 
that  a  tissue  which  has  been  well  on  the  way  to  complete  repair 
has  become  itself  involved  in  inflammation.  Even  in  these  cases, 
however,  the  actual  inflammatory  portion  of  the  change  is  acute, 
as  it  always  must  be  from  its  very  nature. 

VIII.  The  Significance  of  Inflammation.— Before  leaving 
the  subject  of  inflammation  and  its  sequels  mention  must  be 
made  of  the  different  views  held  with  regard  to  the  intrinsic 
nature  of  the  inflammatory  process.  This  amounts  in  large  part 
to  a  consideration  of  the  various  definitions  of  inflammation  that 
have  been  given  from  time  to  time. 

Inflammation  may  be  regarded  from  three  distinct  points  ot 
view :  (1)  from  that  of  the  estabhshed  phenomena  themselves  ; 
(2)  from  that  of  the  means  whereby  the  phenomena  are  brought 
into  existence;  (3)  from  that  of  the  object  which  is  subserved  by 
the  phenomena  when  they  are  estabhshed.    These  points  of  view 
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may  be  shortly  summarised  in  the  questions  :  (i)  What  is  the 
essential  factor  in  inflammation  ?  (ii)  How  is  inflammation 
brought  about "?  (iii)  For  what  purpose  does  inflammation 
arise  ? 

Definitions  of  inflammation  have  been  framed  on  each  of 
these  lines,  in  some  cases  taken  separately,  but  in  most  cases 
taken  two  or  even  all  three  together.  Now  the  definition  given 
by  any  particular  author  who  considers  inflammation  from  the 
first  point  of  view  depends  upon  which  of  the  numerous  factors 
that  go  to  make  up  '  inflammation  '  he  regards  as  essential,  which 
as  subordinate.  The  presence  of  an  irritant,  tissue  degeneration, 
proliferation  of  cells,  vascular  dilatation,  variations  in  rate  of 
blood-flow,  exudation  of  fluid,  migration  of  leucocytes,  chemio- 
taxis,  phagocytosis,  are  all  of  them  phenomena  of  inflammation 
considered  in  its  broadest  sense,  and  almost  each  single  one  of 
these  has  been  used  as  a  basis  for  a  definition  of  inflammation. 
Virchow  considered  the  tissue  proliferative  changes  as  the  most 
important,  and  regarded  inflammation  as  an  excessive  disturbance 
of  nutrition  brought  about  by  irritation  in  which  the  changes  are 
principally  '  formative ;  '  Eokitansky,  following  many  of  the 
earliest  writers,  believed  that  the  vascular  changes  are  essen- 
tial ;  Cohnheim  held  that  inflammation  essentially  consists  in  a 
molecular  change  in  the  walls  of  capillaries  and  small  veins  ;  . 
Ziegler,  that  it  consists  in  tissue  degeneration  combined  with 
pathological  exudation  from  the  blood-vessels ;  Strieker  and 
Grawitz,  that  return  to  an  embryological  condition  of  the  cells 
and  even  of  the  fibres  (Strieker)  is  the  essential  factor  ;  Weigert, 
that  the  swelling  is  all-important ;  Metchnikoft',  finding  that 
phagocytosis  is  recognisable  throughout  the  whole  animal  world 
when  a  living  animal  is  exposed  to  the  action  of  a  formed  irritant, 
looks  upon  phagocytosis  as  the  fundamental  principle  underlying 
mflammation.  These  are  perhaps  the  most  eclectic  views,  and 
towards  one  or  other  of  them  approximate  the  opinions  of  many 
other  authors.  Thus  Eecklinghausen,  Samuel,  and  Landerer 
agree  in  the  main  with  Cohnheim,  as  indeed  do  most  modern 
pathologists  including  Weigert.  Thoma,  though  he  wishes  to 
discard  entirely  the  pathological  conception  summed  up  in  the 
word  inflammation,  nevertheless  says  that  if  we  are  to  define  it 
we  can  call  it  '  a  pathological  disturbance  characterised  by  exuda- 
tion,' ^  and  in  another  place  ^  he  describes  inflammation  as  a 
'  local  lesion  formed  by  the  combination  of  the  phenomena  of 

'  Patliology  and  Patholug.  Anat.,  trans,  by  Bruce,  London  1896,  p.  354. 

Ibid.  p.  511. 
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circulatory  disturbances  and  progressive  and  retrogressive  tissue 
metamorphosis.' 

But  even  if  an  author  have  decided  on  his  '  essential '  pheno- 
menon, there  still  remains  a  difficulty  with  regard  to  the  means 
whereby  that  phenomenon  is  brought  about.  Even  those 
authors  who  regard  the  vascular  changes  as  all-important  are 
divided  among  themselves.  To  explain  the  retardation  alone 
in  the  rate  of  blood-flow  that  occurs  in  inflammation,  there  are  at 
least  Cohnheim's  theory  of  molecular  alteration  in  the  vessel 
wall,  the  '  spasmodic  '  nervous  theory  of  Eisenmann,  Heine,  and 
Briicke,  according  to  which  the  retardation  is  due  ■  to  constriction 
of  vessels  at  the  periphery  of  the  inflamed  area,  and  the  '  attrac- 
tion '  theory  of  Vogel,  Paget,  and  others,  according  to  which  the 
blood  becomes  thicker  because  the  tissues  exert  a  greater  attrac- 
tion than  normal  upon  the  blood-plasma.  And  the  same  is  true 
with  regard  to  the  other  phenomena. 

But  the  difficulties  already  shown  do  not  exhaust  the  series, 
for  with  the  question,  '  For  what  purpose  does  inflammation 
arise  ? '  there  appears  a  totally  different  set  of  views.  Fortu- 
nately, however,  upon  this  question  authors  are  divided  into 
fewer  separate  camps,  as  (i)  removal  of  the  irritant,  (ii)  the 
production  of  reparative  tissue,  (iii)  a  combination  of  these  views, 
are  almost  the  only  purposes  assigned.  Nevertheless,  there  are 
many  pathologists  who  strenuously  maintain  that  inflammation 
is  not  purposeful  at  all.  It  is  principally  pathologists  of  the 
latter  class  that  refuse  to  include  repair  along  with  inflammation, 
but  regard  them  as  separate  processes,  while  those  authors  who 
include  repair  under  inflammation  are  naturally  those  who  hold 
the  purposeful  nature  of  inflammation. 

From  this  chaos  of  views  one  may,  however,  extract  the 
following  broad  statement  :  opinions  are  divided  as  to  whether  the 
tissue  changes  or  the  vascular  changes  in  inflammation  are  in  the 
first  rank  of  importance  and  as  to  whether  the  inflammatory 
process  itself  is  purposeful  or  not. 

Considering,  then,  the  impossibility  of  deciding  which  is  the 
fundamental  process  in  inflammation,  it  is  best  to  restrict  our 
definition  to  a  short  description  of  the  most  characteristic  points 
in  the  complex  mass  of  phenomena  which  go  to  make  up 
inflammation,  as  Thoma  and  Ziegler  have  done  in  the  sentences 
given  above  ;  or  else  to  eliminate  the  idea  that  inflammation 
is  a  state,  and  speak  of  it  as  a  process  induced  by  a  cause,  as 
Burdon  Sanderson  did  long  ago  when  he  summed  up  the  process 
of  inflammation  as  '  the  succession  of  changes  which  occur  m  a 
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"living  tissue  when  it  is  injured,  provided  that  the  injury  is  not 
of  such  a  degree  as  at  once  to  destroy  its  structure  and  vitality.' 
On  similar  lines  to  those  laid  down  by  Burdon  Sanderson  is 
Adami's  definition :  '  Inflammation  is  the  series  of  changes 
constituting  the  local  manifestation  of  the  attempt  at  repair  of 
actual  or  referred  injury,  or,  briefly,  the  local  attempt  at  repair 
of  actual  or  referred  injury.' 

Of  the  definitions  of  inflammation  which  have  been  mentioned 
above,  those  framed  by  Ziegler  and  by  Adami  seem  the  most 
satisfactory,  but  neither  is  fully  so.  For  Ziegler's  definition 
fails  (1)  because  it  does  not  indicate  that  inflammation  is  purpose- 
ful (which,  indeed,  Ziegler  does  not  allow) ;  and  (2)  because  it 
includes  under  inflammation  processes  which  by  common  consent 
are  regarded  as  non-inflammatory ;  thus  in  passive  oedema  there 
is  'tissue  degeneration  accompanied  by  pathological  exudation 
from  the  blood-vessels,'  and  therefore  this  condition  should,  by 
Ziegler's  definition,  be  inflammatory.  But  in  cases  of  passive 
cedema  inflammation  is  characteristically  absent,  except  as  a  com- 
plication. Adami's  definition,  on  the  other  hand,  fails  (1)  because 
it  would  include  under  inflammation  the  simple  regeneration  of 
epithelium  which  takes  place  in  everyday  hfe  ;  and  (2)  because  it 
regards  inflammation  as  an  attempt  at  repair,  whereas  we  have 
already  concluded  that  the  existence  of  inflammation  at  any  spot 
is  incompatible  with  repair  at  that  spot. 

IX.  Definition  of  Inflammation.— In  attempting  to  frame  a 
definition  of  inflammation,  I  think  that  the  following  points 
must,  of  necessity,  be  borne  in  mind — 

1.  Inflammation  is  a  complex  process,  and  no  single  pheno- 
menon can  be  singled  out  as  fundamental  and  essential. 

2.  The  tissue  concerned  in  inflammation  must  be  vascular. 
Inflammation  is  a  chnical  term,  and  as  such  eliminates  all 
consideration  of  phenomena  occurring  in  avascular  animals.  On 
this  point  I  side  with  the  opponents  of  Metchnikoff  and  his 
school. 

3.  Inflammation  is  only  one  portion  of  the  changes  induced 
by  irritant  action.  The  conception  of  inflammation  as  a  local 
process  loses  sight  of  the  fact  that  parts  other  than  that  obviously 
a,ffected  are  also  involved  in  the  results  of  irritant  action.  Upon 
this  point  little  is  known,  but  the  occurrence  of  marked  leuco- 
cytosis  in  some  cases  and  of  leucopenia  in  others,  the  fact  that 
when  exudation  occurs  in  one  place  the  tissues  of  the  rest  of  the 
body  give  up  a  portion  of  their  fluid  to  the  blood,  and  the  extra- 
ordinary effects  of  nerve  conditions  going  on  in  other  parts  of  the 
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body  as  in  Samuel's  experiments  (p.  254),  are  sufficient  to  show 
that  the  action  of  ah  irritant  really  extends  far  beyond  the  regions 
of  its  obvious  action.  It  does  not  seem  just  to  speak  of  inflamma- 
tion as  a  reaction  of  tissues  to  an  irritant,  and  to  restrict  that 
reaction  to  the  parts  alone  where  it  is  obvious.  One  is  not 
justified  in  speaking  of  the  hyperaemia  and  the  exudation  as 
'inflammatory,'  and  in  neglecting  entirely  the  compensatory 
anaemia  and  drying  of  the  tissues  to  which  they  must  give  rise 
in  other  parts.  Even  if  *  inflammation  '  be  restricted  to  the  local 
manifestations,  it  must  be  made  clear  that  it  is  only  a  portion 
of  the  total  results  of  irritant  action. 

4.  The  degenerative  changes  induced  by  the  irritant  are  an 
essential  part  of  inflammation.  An  exception  must  here  be  made 
for  those  conditions  {e.g.  eschar  and  slough)  in  which  at  some 
point  the  irritant  action  has  killed  tissue  outright.  The  degenerar 
tive  changes  may  also  be  causes  and  results  of  inflammation. 

5.  Prohferative  changes,  being  induced  by  stimuli  and  not  by 
irritants,  are  to  be  severed  entirely  from  inflammation ;  hence 
repair  is  fundamentally  independent  of  inflammation.  Neverthe- 
less every  irritant  must,  at  some  point,  merge  into  a  stimulus, 
and  therefore  every  inflammation  must  bring  repair  in  its  train. 

6.  Inflammation  is  directed  towards  an  end.  Its  object  is  to 
neutralise  the  irritant  action,  to  limit  its  effects,  and  to  supply  an 
additional  amount  of  nutriment  to  those  tissues  whose  vitality 
has  been  lowered  but  not  extinguished.  The  force  of  this  state- 
ment is  not  invalidated  by  the  argument  that  inflammation  is 
sometimes  followed  by  injurious  results,  any  more  than  the  state- 
ment that  gastric  digestion  is  directed  towards  an  end  is  invali- 
dated by  the  argument  that  in  some  cases  perforation  of  the  wall 
of  the  stomach  occurs  during  digestion. 

7.  Inflammation  is  not  a  reparative  process,  for  inflammation 
at  any  spot  is  incompatible  with  repair  at  that  spot.  Inflamma- 
tion is  only  preparatory  to  the  onset  of  repair  when  repair  occurs 
under  certain  conditions. 

Bearing  these  points  in  mind,  it  is  perhaps  possible  to  define 
inflammation  as  the  local  portion  of  that  preparation  for  local 
repair  which  is  called  forth  in  the  living  animal  body  by  the 
action  of  an  objective  or  subjective  irritant  upon  a  vascular  part 
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CHAPTER  X 
THE  PATHOLOGY  OF  INFECTION  AND  IMMUNITY 


Synopsis. 


I.  Infection. 

(i)  The  Infective  Agent. 

(ii)  Incubation. 

(iii)  Contagion  or  Direct  Infec- 

tion. 

(iv)  Indirect  Infection. 

II.  Types  of  Infective  Disease. 

(i)  Intoxicative. 

(ii)  Bactericemic. 

(iii)  Change  of  Type  of  Infec- 

tive Disease. 

(iv)  Variation  of  Type  in  different 

Animals. 

III.  Personal  Factors  influencing  the 

Occurrence  of  Infection.  Sus- 
ceptibility and  Immunity. 

(i)  General. 

(ii)  Susceptibility. 

A.  Natural. 

B.  Acquired. 

(iii)  Immunity. 

A.  Natural. 

B.  Acquired — 

(a)  Active. 
(6)  Passive. 

C.  Inherited  Suscepti- 

bility and  Immunity. 

(iv)  Local  Immunity. 


IV.  Bacterial  Factors  influencing  the 
Occurrence  of  Infection. 

(i)  Dose.' 

(ii)  Seat  of  Inoculation. 

(iii)  Virulence. 

(iv)  Presence  or  Absence  of  Toxin. 

(v)  Symbiosis. 

V.  Certain  Properties  of  Blood-serum. 

(i)  General. 

(ii)  Specific.     Antitoxins.  Bac- 

teriolysins.  Agglutinins. 
Hsemolysins.  Precipitins. 

VI.  Theories  of  Immunity. 

(i)  The  Exhaustion  Theory. 

(ii)  The  Retention  Theory. 
,(iii)  The  Phagocytic  Theory. 

(iv)  The  Humoral  Theory. 

(v)  The  Cellulo-humoral  Theory. 

(vi)  '  The    '  Side-chain  '  Theory 

(Ehrlich). 
Specificity    of  Immunity. 
Method   whereby  Anti- 
substances  produce  Im- 
munity. 

VIL  Latency  in  Infective  Disease. 
VIIL  Relapses. 


In  the  preceding  chapters  reference  has  frequently  been  made  to 
-the  part  played  by  bacteria  in  the  causation  of  disease,  and 
incidentally  certain  diseases  which  are  caused  by  bacteria  have 
been  spoken  of  as  '  infective.'  Now  the  '  infective '  diseases  form 
a  group  which  was  clinically  separated  long  before  their  connection 
with  bacteria  was  suspected,  and  the  essential  point  which  led  to 
.their  separation  was  that  the  diseases  in  question  are  communi- 
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cable  either  directly  or  indirectly  from  animal  to  animal.  Com- 
municability  of  the  disease  was  therefore  taken  as  the  characteristic 
feature  of  the  infective  diseases.  We  now  know  that  when 
bacteria  are  the  causes  of  disease,  these  diseases  are,  within 
limits,  communicable  from  animal  to  animal,  and  therefore  the 
infective  diseases  of  the  clinician  come  to  be  in  large  part  co- 
terminous with  the  bacterial  diseases  of  the  pathologist.  But  not 
entirely.  For  though  we  have  reason  to  believe  that  infective 
diseases  are  due  to  bacteria  in  all  cases,  strict  proof  is  wanting  in 
such  eminently  infective  diseases  as  syphilis,  scarlatina  &c.  owing 
to  the  fact  that  specific  infective  agents  have  not  as  yet  been 
certainly  demonstrated  in  these  diseases.  In  another  direction 
the  pathologist's  view  of  infective  disease  is  wider  than  that  of 
the  clinician ;  for  the  pathologist,  tetanus  is  an  infective  disease, 
but,  at  all  events  until  recently,  it  would  not  have  been  so 
regarded  by  the  clinician,  communication  of  tetanus  from  animal 
to  animal,  excepting  in  the  way  of  a  laboratory  experiment, 
probably  being  quite  unknown.  The  same  is  true  of  diseases 
like  malaria,  which  depend  upon  living  animal  micro-parasites,  in 
which  the  occurrence  of  a  case  depends  upon  the  existence  of  a 
previous  case,  but  in  which  infection  from  the  clinical  point  of 
view  is  absent. 

But  even  though  a  disease  may  be  communicable  from  animal 
to  animal,  and  even  though  the  causa  caiisans  may  have  been 
isolated,  it  does  not  follow  that  infection  takes  place  whenever  an 
animal  not  suffering  from  the  disease  is  brought  into  relation  with 
an  animal  suffering  from  the  disease.  Though  communicable,  the 
disease  in  such  a  case  is  not  communicated.  The  failure  of  infec- 
tion may  depend  upon  some  peculiarity  which  concerns  the 
micro-organism  itself,  such  as  its  nature,  or  its  virulence,  or  the 
dose  in  which  it  is  inoculated,  or  may  depend  upon  some 
peculiarity  of  the  animal  exposed  to  infection.  When  the 
peculiarity  resides  in  the  animal,  we  have  to  deal  with  conditions 
summed  up  in  the  terms  'insusceptibility,'  'resistance,'  'im- 
munity.' On  the  other  hand,  where  infection  does  occur,  this 
may  also  depend  either  upon  some  peculiarity  which  concerns  the 
micro-organism  or  upon  some '  peculiarity  which  concerns  the 
animal  exposed  to  infection.  When  the  pecuharity  leading 
to  infection  resides  in  the  animal,  we  have  to  deal  with  con- 
ditions summed  up  in  the  terms  '  susceptibility  '  and  '  predisposi- 
tion.' 

These  subjects  of  infection,  immunity,  and  susceptibility  will 
now  be   discussed,  and   along   with   them   the  pathology  of 
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*  relapses '  and  *  latency '  of  infective  disease.  Owing  to  the 
youth  of  bacteriology  as  a  branch  of  pathology,  the  subjects  are 
at  present  very  obscure  in  many  points,  and  a  general  indication 
of  the  trend  of  opinion  at  the  present  day  is  all  that  must  be 
expected. 

I.  Infection. — (i)  The  Infective  Ag-ent. — Of  all  conditions 
necessary  for  infection  a  power  on  the  part  of  the  infective 
agent  to  carry  on  a  parasitic  existence — whether  obligatory 
or  facultative — is  the  most  important.  It  is  true  that  a  sapro- 
phyte, such  as  Aspergillus  niger,  may  cause  disease,  and  that,  in 
sapraemia,  the  toxic  substances  which,  by  their  absorption,  lead  to 
clinical  symptoms,  may  be  produced  by  saprophytes,  but  in 
neither  case  have  we  to  deal  with  an  infective  disease,  because 
exceptional  conditions  on  the  part  of  the  patient  must  coexist 
with  the  presence  of  the  micro-organism.  Theoretically,  con- 
ditions can  exist  under  which  any  micro-organism  may  be  the 
cause  of  disease,  just  as,  theoretically,  any  micro-organism  may 
lead  to  pus-formation.  But  practically,  just  as  certain  parasitic 
micro-organisms  are  distinguished  as  being  especially  associated 
with  pus-formation  in  that  they  lead  to  suppuration  without  the 
coexistence  of  extraordinary  conditions  on  the  part  of  the  animal, 
so  certain  parasitic  micro-organisms  are  distinguished  as  being 
specially  associated  with  infective  disease  in  that  no  exceptional 
conditions  are  necessary  on  the  part  of  the  animal  for 
the  production  of  disease  by  these  micro-organisms.  An  in- 
fective disease,  therefore,  is  one  which  is  produced  by  the  entry 
into  and  the  multiplication  within  the  body  of  a  normal  animal, 
from  without,  of  an  obligatory  or  a  facultative  parasitic  micro- 
organism. 

(ii)  Incubation.— In  the  production  of  disease  the  chief  action 
of  a  pathogenetic  micro-organism  is  not  mechanical,^  but,  as  has 
already  been  said,  a  toxin  is  produced,  and  to  the  action  of  that 
toxin  the  lesions  which  go  to  make  up  the  disease  are  mainly  due. 
Every  infective  disease,  therefore,  becomes  essentially  an  intoxica- 
tion with  chemical  substances,  but  the  difference  between  them 
and  saprfBmia  is,  that  in  saprsemia  the  laboratory  for  the  forma- 
tion of  toxin  is  physiologically  outside  the  body,  whereas  in  the 
infective  diseases  the  laboratory  for  toxin-formation  is  physio- 
logically within  the  body. 

Now,  since  the  symptoms  of  any  given  infective  disease  are 
due  to  the  action  of  a  specific  toxin  on  the  animal,  it  follows  that, 
those  symptoms  cannot  manifest  themselves,  even  though  the. 
'  Keference  is,  of  course,  made  only  to  vegetable  micro-organisms. 
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specific  micro-organism  be  actually  present  in  the  animal,  until 
the  minimal  amount  of  toxin  necessary  for  the  production  of 
symptoms  is  also  present  in  the  animal.  In  some  cases,  no 
doubt,  this  amount  of  toxin  may  be  introduced  at  the  moment 
of  inoculation  with  the  micro-organism,  or  even — as  in  the  cases 
of  experimental  diphtheria  and  tetanus — the  symptoms  of  the 
disease  may  be  produced  by  introduction  of  the  toxin  alone. 
But  such  cases  are  artificial,  and  are  hardly  to  be  seen  outside 
the  laboratory.  In  the  vast  majority  of  cases,  the  amount  of 
toxin  actually  introduced  at  the  moment  of  infection  is  negligible, 
and  the  toxin  which  ultimately  leads  to  the  appearance  of  sym- 
ptoms is  formed  by  the  micro-organisms  after  their  entry  into  the 
body.  For  this  production  of  toxin  a  greater  or  less  length  of 
time  is  necessary,  during  which  the  micro-organism  multiplies 
and  forms  toxin,  it  is  true,  but  during  which  symptoms  of  the 
specific  disease  are  absent,  and  possibly  the  patient  may  appear 
to  be  in  perfect  health.  The  period  which  elapses  between  the 
inoculation  and  the  appearance  of  the  first  specific  symptoms  of 
the  disease  is  called  the  *  period  of  incubation,'  and  the  existence 
of  an  incubation  period  of  variable  length  is  characteristic  of  the 
infective  diseases. 

Each  specific  infective  disease  has  its  own  particular  incuba- 
tion period,  but  the  length  of  incubation  of  any  given  infective 
disease  is  somewhat  variable.  Since  the  rate  at  which  the 
micro-organism  grows  and  produces  toxin  depends  upon  a 
variety  of  circumstances,  variability  in  length  of  incubation 
period  is  hardly  to  be  wondered  at ;  cause  for  wonder  is  rather 
given  by  the  comparative  constancy  of  the  lengths  of  incubation 
of  different  infective  diseases. 

(iii)  Contag-ion,  or  Direct  Infection.— A  clinical  subdivision 
of  the  infective  diseases  is  found  in  the  group  known  as  the 
'contagious  diseases.'  Strictly  speaking,  a  contagious  disease  is 
one  in  which  communication  of  the  disease  to  a  healthy  person 
can  only  occur  if  that  healthy  person  come  actually  in  contact 
with  a  person  suffering  from  the  disease ;  but  practically  a  disease 
is  called  '  contagious,'  though  infection  is  carried  by  an  inter- 
mediate person  or  object,  if  the  length  of  time  during  which  the 
infective  material  is  upon  the  intermediary  is  very  short.  Bac- 
teriologically  the  essential  condition  is  that  the  infective  agent 
cannot  maintain  an  existence  and  multiply  outside  the  animal 
body,  and  hence  contagious  diseases,  strictly  speaking,  can  only 
be  caused  by  obligatory  parasites.  Latterly,  '  contagion  '  has  to  a 
large  extent  been  used  loosely  as  synonymous  with  '  infection,' 
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but,  as  has  just  been  said,  it  can  only  be  regarded  as  a  subdivision 
of  infection. 

Contagion  may  be  immediate  or  mediate,  but  examples  of 
disease  in  which  immediate  contagion  alone  occurs  must  be  very 
rare,  if  any  really  exist.    For  not  only  in  such  a  case  must  the 
micro-organism  be  an  obligatory  parasite,  but  also  it  must  of 
necessity  perish  immediately  on  its  removal  from  its  host.  Con- 
tagion in  the  broader  sense,  as  including  mediate  contagion,  is  a 
well-known  condition,  and  several  contagious  diseases  are  recog- 
nised.   Syphilis  may  serve  as  an  example  of  diseases  in  which  a 
close  approach  to  strict  immediate  contagion  is  observed.    In  the 
vast  majority  of  cases  the  disease  is  contracted  from  a  person  at 
the  time  suffering  from  syphilis,  through  an  abrasion  of  a  mucous 
membrane  or  the  skin.    But  mediate  contagion  can  also  occur. 
Cases  are  known  in  which  a  woman  not  herself  affected  has 
nevertheless  carried  the  disease  to  others,  as,  for  example,  when 
a  previously  healthy  man  has  become  infected  after  sexual  inter- 
course with  a  woman  immediately  after  intercourse  between  her 
and  a  syphilitic  man  had  taken  place.    Even  more  definite  evi- 
dence of  mediate  contagion  is  given  by  those  undoubted  cases  in 
which  a  syphilitic  sore  has  appeared  on  the  chin  at  the  seat  of  a 
shght  cut  inflicted  during  shaving,  when  the  razor  has  previously 
been  used  by  a  syphiHtic  person  and  has  in  some  way  been 
contaminated  by  him,  or  by  the  cases  in  which  a  syphilitic, 
sore  appears  on  the  hp  or  tongue  of  a  previously  healthy  person 
after  he  has  smoked  the  pipe  of  a  subject  of  secondary  syphiHs. 
Under  no  circumstances,  however,  have  we  reason  to  suspect  that 
the  syphihtic  virus  multiphes  on  a  carrier  of  contagion,  or,  in  other 
words,  that  it  is  capable  of  a  saprophytic  existence. 

During  the  last  few  years  it  has  been  shown  that  insects  are  a 
very  important  factor  in  the  spreading  of  disease,  and  important 
papers  on  the  subject  have  been  written  by  Nuttall,  Firth,  Kiister, 
and  others.  In  the  case  of  malaria  the  fundamental  importance 
of  anophelous  mosquitos  has  already  been  mentioned,  and  reference 
has  been  made  to  the  parts  played  by  the  tsetse  fly  in  the  spread 
of  trypanosomiasis,  and  of  the  tick  in  spreading  certain  forms  of 
h^moglobinuric  piroplasmosis  in  cattle.  Similarly  insects  have 
been  found  to  spread  diseases  incidental  to  man.  Thus  Beed, 
Carroll,  and  Agramonte  inculpate  the  mosquito  known  as  Culex 
fasciatus  in  the  spread  of  yellow  fever,  and  flies,  ants,  fleas,  and 
bugs  have  all  been  shown  capable  of  conveying  infection.  As  a 
rule  they  carry  the  infected  material  on  their  feet  and  wings,  but 
sometimes  they  take  it  into  their  alimentary  canal  and  void  it 
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witli  the  excrement.  Experimentally  it  has  been  shown  that 
infection  can  be  carried  by  insects  in  the  cases  of  cholera, 
typhoid,  anthrax,  plague,  and  suppuration,  besides  the  conditions 
mentioned  above. 

(iv)  Indirect  Infection. — Many  examples  are  known  of 
diseases  that  are  indirectly  infectious  :  anthrax,  typhoid  fever, 
cholera,  tuberculosis,  diphtheria,  and  many  others.  Bacterio- 
logically  the  infective  agent  in  these  cases  must  be  a  facultative 
saprophyte.  In  not  a  small  number  of  cases  of  this  kind,  how- 
ever, the  disease  is  actually  communicated  by  contagion,  imme- 
diate or  mediate,  for  it  is  obvious  that  though  a  contagious 
disease  cannot  possibly  be  communicated  by  indirect  infection,  an 
indirectly  infectious  disease  may  be  and  is  readily  communicated 
by  contagion.  Quite  apart  from  laboratory  experiment  in  which 
mediate  contagion  is  a  very  common  procedure,  it  -is  certain  that 
many  cases  of  diphtheria,  for  example,  in  the  human  subject  are 
due  to  contagion,  immediate  or  mediate,  and  the  same  is  probably 
true  in  some  cases  of  typhoid  fever. 

The  ease  with  which  indirect  infection  can  occur  necessarily 
depends  upon  the  ease  with  which  a  pathogenetic  micro-organism 
can  carry  on  a  saprophytic  existence.  Typhoid  bacilli  and  the 
vibriones  of  Asiatic  cholera  can  live  and  multiply  in  water  in 
which  only  a  trace  of  albuminous  material  is  present ;  diphtheria 
bacilli  and  the  micro-organism  of  scarlatina  (possibly  a  strepto- 
coccus described  by  Klein)  can  live,  and  certainly,  in  the  case  of 
diphtheria  bacilli,  can  multiply,  in  milk ;  so  that  these  diseases 
can  be  conveyed  to  a  great  distance,  and  from  one  case  disease 
may  be  communicated  to  a  large  number  of  individuals.  With 
regard  to  cholera,  many  medical  practitioners,  in  localities  where 
this  disease  is  endemic,  consider  that  air  is  an  important  carrier 
of  infection,  but  the  general  tendency  among  bacteriologists  is  to 
deny  that  any  great  part  is  played  by  air  in  this  way.  On  the 
other  hand,  where  the  infective  agent  forms  spores,  which  can 
maintain  existence  for  an  unlimited  time  in  a  dry  condition,  the 
importance  of  transport  by  air  is  fully  recognised.  The  fact,  to 
which  reference  has  already  been  made,  that  at  least  actinomyces, 
tubercle,  and  diphtheria  are  capable  of  existing  in  a  mycelial  as 
well  as  in  a  bacillary  form  is  of  great  importance ;  it  clearly 
indicates  that  the  saprophytic  existence  which  is  known  to  obtain 
for  actinomyces  may  also  be  normal,  or  at  least  is  possible  for  the 
other  two  micro-organisms. 

II.  Types  of  Infective  Disease. — Though  all  infective  diseases 
are  alike  in  that  the  toxins  elaborated  by  bacteria  are  the  real 
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causes  of  the  symptoms  presented,  there  is  no  doubt  that  infective 
diseases  are  of  different  types. 

(i)  In  some  cases  the  pathogenetic  bacteria  grow  and  multiply 
locally  and  do  not  gain  access  to  the  blood  or  tissues,  at  all  events 
in  sufficient  numbers  for  recognition  by  means  at  our  disposal. 
Of  this  class  is  tetanus,  and  if  we  put  on  one  side  the  iS/Ve  cases 
in  which  bacilli  have  been  found  in  internal  organs,  diphtheria  is 
an  example  also. 

(ii)  In  other  cases  the  pathogenetic  bacteria  gain  access  to 
the  blood-stream  and  are  found  in  the  tissues,  forming  their  toxic 
substances  directly  in  the  blood  and  tissues.  Of  this  class  are  all 
those  diseases  in  which  haemal  infection  or  bacterisemia  occurs. 
Theoretically  the  difference  between  the  two  classes  is  of  extreme 
importance,  for  in  the  first  class  local  treatment  of  the  seat  of 
infection,  if  undertaken  before  there  has  been  a  sufficient  multi- 
plication of  the  bacteria  and  manufacture  of  toxin,  should  cut  short 
the  disease,  just  as  in  sapraemia  removal  of  the  putrefying  mass 
cuts  short  the  disease.  On  the  other  hand,  when  one  has  to  deal 
with  the  second  class  of  infection,  no  local  treatment  has  the 
least  chance  of  success;  the  bacteria  are  in  the  blood  and 
tissues  and  it  is  in  the  blood  and  tissues  that  they  must  be 
attacked. 

(iii)  The  type  of  an  infective  disease  may  change.    It  has 
already  been  pointed  out  that  a  disease  at  first  local  may  after- 
wards become  general,  and  in  the  case  of  all  haemal  infections  a 
primary  local  focus  has  no  doubt  existed,  though  possibly  it  may 
have  been  overlooked.    Leaving  on  one  side  all  considerations 
of  virulence,  dose,  seat  of  inoculation  &c.  the  question  whether 
the  action  of  a  given  infective  agent  remains  local,  or  whether  it 
becomes  generahsed,  seems  to  depend  upon  the  relative  suscepti- 
bility or  insusceptibihty  of  the  individual  into  which  the  inocula- 
tion takes  place.    Thus,  anthrax,  which  in  the  mouse  or  guinea- 
pig  becomes  generalised  so  that  even  the  capillaries  are  densely 
crowded  with  bacilh  at  the  time  of  death,  in  man  leads  to  a 
localised  pustule  and  becomes  generalised  only  in  rare  cases. 
Here  we  have  differences  in  type  of  infective  disease  due  to 
racial  difference  in  susceptibility  of  the  infected  species  of  animal  ; 
to  make  the  series  complete  it  may  be  added  that  in  the  normal 
frog  inoculation  of  anthrax  bacilli  leads  to  no  disease  whatever. 
The  same  series  of  phenomena  may  be  observed  in  one  and  the 
same  species  of  animal  when  resistance  to  the  disease  has  been 
artificially  raised  or  lowered  in  different  individuals  thereof. 
Thus  in  a  normal  guinea-pig  subcutaneous  injection  of  diphtheria 
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bacilli  leads  to  a  local  swelling  followed  by  death  in  24-48 
hours,  but  bacilli  are  absent  from  the  blood  and  organs;  if  a 
guinea-pig  whose  resistance  has  been  lowered  be  inoculated,  local 
sweHing  and  death  occur  as  before,  but  bacilh  may  be  found  in 
the  tissues  or  blood.  If,  on  the  other  hand,  the  animal's  resistance 
has  been  slightly  increased,  instead  of  a  local  swelhng  and  death, 
a  local  necrosis  of  tissue  with  illness  of  the  animal  may  occur,  but 
ultimately  the  animal  will  recover ;  if  the  resistance  has  been  still 
more  increased,  necrosis  will  be  absent  and  the  animal  will  only  be 
slightly  indisposed  for  a  short  time ;  while,  if  the  resistance  has 
been  raised  to  a  very  high  degree,  local  subcutaneous  injeption  of 
diphtheria  bacilli  may  practically  be  foHowed  by  no  result  at  all. 

(iv)  The  type  of  infective  disease  is  not  the  s«,me  in  all 
animals.  This  point  is  very  important.  We  know  that  in  the 
human  subject  typhoid  baciUi  are  associated  with  a  certain  disease 
known  as  typhoid  fever,  and  we  recognise  that  disease  by  the 
changes  found  in  the  Peyer's  patches  in  the  small  intestine,  by 
the  cutaneous  eruption,  by  the  swelling  of  the  spleen,  and  so  on. 
We  know  further  that  if  typhoid  bacilli,  obtained  from  a  case  of 
typhoid  fever  in  man,  be  injected  into  such  an  animal  as  the 
guinea-pig,  it  produces  a  disease  which  is  probably  followed  by 
death.  But  the  disease  in  the  guinea-pig  is  not  typhoid  fever 
as  we  know  it  in  man.  The  spleen,  indeed,  may  be  swollen  and 
there  may  be  diarrhoea,  as  in  human  typhoid  fever,  but  cutaneous 
eruption,  and  intestinal  lesions  in  particular,  are  absent.  The 
same  is  true  of  Asiatic  cholera.  .  Cultivations  of  vibriones  obtained 
from  cases  of  human  Asiatic  cholera,  when  injected  into  guinea- 
pigs,  may  produce  death,  and  the  animal  may  die  in  a  collapsed 
condition  as  does  the  human  patient,  but  the  symptom-complex  of 
cholera,  and  in  particular  the  '  rice-water  '  stools,  are  not  commonly 
seen,  though  they  are  said  to  occur  under  certain  special  conditions. 

In  the  case  of  diphtheria,  on  the  other  hand,  resemblance 
between  the  effects  of  artificial  inoculation  of  gumea-pigs  and  the 
human  disease  is  commonly  much  greater.  If  the  vaginal  mucous 
membrane  of  young  guinea-pigs  be  inoculated  with  diphtheria 
bacilh,  a  pseudo-membrane  similar  to  that  which  normally  occurs 
m  the  throat,  but  which  may  appear  on  the  vulva  of  human 
patients,  is  produced.  A  further  and  most  important  point  of 
resemblance  Hes  in  the  fact  that  paralyses  may  occur  in  both 
lowp.r  animals  and  man.  In  tetanus  the  resemblance  is  even 
more  striking,  for  the  similarity  between  the  tetanic  spasms  of 
man  and  of  the  lovt^er  animals  when  both  are  the  subjects  of 
tetanus  is  well  marked.    Though  we  are  not  here  dealing  with  an 
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infective  disease,  it  may  be  mentioned  that  the  greatest  similarity 
in  the  effects  of  inoculation  are  seen  when  a  poison  such  as  cobra- 
venom  is  injected,  for  the  train  of  symptoms  in  lower  animals 
and  in  man  are  identical. 

Variations  also  obtain  in  the  converse  direction  to  that  indicated 
above.  Several  diseases  {e.g.  anthrax,  glanders,  foot-and-mouth 
disease,  vaccinia,  rabies)  are  known  which  affect  lower  animals 
but  are  communicable  to  man.  As  a  rule  the  phenomena  in  man 
are  very  similar  to  those  in  the  lower  animals,  and  this  is  par- 
ticularly noticeable  in  the  cases  of  vaccinia  and  rabies.  But 
glanders  of  the  horse,  for  example,  is  a  very  different  disease  from 
glanders  in  man.  In  the  horse  the  nasal  mucous  membrane  is 
chiefly  affected,  but  in  man  this  is  never  the  case.  In  man 
there  is  generally  a  local  cutaneous  lesion  with  a  subsequent 
generalisation  and  the  production  of  a  disease  that  is  essentially 
a  pyemia.  Moreover,  in  the  horse  acute  and  chronic  (farcy)  forms 
of  the  disease  are  known  :  in  man,  glanders  is  always  acute. 

It  will  be  noticed  that  those  cases  in  which  the  similarity 
between  the  effects  produced  in  man  and  in  the  lower  animals 
is  greatest  are  precisely  those  in  which  toxic  action  is  best 
marked.  In  typhoid  fever  and  in  cholera,  formation  of  a  toxin 
by  the  micro-organisms  usually  considered  to  be  associated  with 
those  diseases  is  much  more  doubtful.  Indeed,  according  to  some 
authors  the  svmptoms  of  typhoid  fever  and  of  cholera  are  due  to 
toxins  prepared  in  the  intestines  by  micro-organisms  other  than 
the  typhoid  bacilli  and  the  cholera  vibriones,  and  absorbed  into 
the  body  through  an  intestinal  wall  whose  normal  inhibitory 
power  against  absorption  of  toxins  has  been  impaired  by  the 
action  of  the  typhoid  and  the  cholera  microbes  respectively. 
Further  research  is  necessary  before  these  latter  points  can  be 
decided,  but  the  facts  mentioned  indicate  that  care  must  be 
exercised  in  applying  arguments  derived  from  experiment  on 
animals  to  the  human  subject. 

The  type  of  an  infective  disease  is  therefore  not  a  constant 
factor  of  the  specific  micro-organism  alone,  but  is  modified  by 
factors  which  concern  the  individual  in  which  the  micro-organism 
is  inoculated.  Nevertheless,  as  we  shall  see  later,  the  characters  ot 
the  micro-organism  itself  have  important  bearings  upon  the 
effects  which  follow  its  injection  into  an  animal. 

Ill  Personal  Factors  influencing"  the  Occurrence  of  In- 
fection: Susceptibility  and  Immumty.-(i)  General  Con- 
siderations.-In  commencing  the  study  of  these  subjects  certain 
general  statements  must  be  made  at  the  outset :  {a)  Susceptibility 
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and  immunity  are  relative  and  not  absolute  terms.  So  far  as  is 
known,  no  animal  is  insusceptible  to  a  particular  disease  under 
all  circumstances,  though  in  some  cases  the  insusceptibility  is  so 
great  that  extraordinary  measures  have  to  be  adopted  before  it  is 
broken  down.  When,  therefore,  it  is  said  that  an  animal  is 
susceptible  or  immune  to  a  certain  disease,  it  must  be  understood 
that  these  attributes  do  not  imply  that  under  all  conditions  or 
under  no  conditions,  respectively,  does  the  animal  become  infected 
with  the  disease,  but  rather  that  a  minute  dose  is  sufficient  or  an 
enormous  dose  is  necessary,  as  the  case  may  be,  for  the  production 
of  the  particular  disease  in  the  particular  animal. 

(&)  A  given  infective  agent  is  not  equally  pathogenetic  to 
all  animals  ;•  in  other  words,  the  susceptibility  of  different  species 
of  animal  to  a  given  pathogenetic  micro-organism  is  a  variable. 
Examples  of  this  fact  have  already  been  given  above.  The 
following  are  also  cases  in  point.  The  dog,  goat,  ass  are  so 
resistant  to  the  B.  tuberculosis  that  they  may  be  said  to  be 
immune — on  the  other  hand,  the  guinea-pig  is  extremely  suscep- 
tible to  the  same  micro-organism.  So  also  the  guinea-pig  is 
highly  susceptible  to  diphtheria,  but  the  mouse  is  practically 
insusceptible.  Similar  differences  may  even  be  observed  between 
varieties  of  one  species.  Thus  Algerian  sheep  are  immune  to 
anthrax,  other  varieties  of  sheep  are  susceptible  ;  the  field  mouse 
is  highly  susceptible  to  glanders,  the  white  mouse  is  practically 
immune ;  the  negro  is  relatively  insusceptible  to  yellow  fever, 
whites  are  highly  susceptible.  Examples  of  both  these  classes  of 
case  might  easily  be  multiplied. 

(c)  The  degree  of  susceptibility  to  or  immunity  from  infective 
disease  may  become  altered  either  in  the  direction  of  increase  or 
in  that  of  decrease.  This  may  be  brought  about  either  by  natural 
or  by  artificial  means,  the  importance  of  which  is  so  great  that 
they  will  call  for  special  consideration. 

(ii)  Susceptibility  or  Predisposition— An  animal  may  be 
naturally  susceptible  to  a  given  disease  (when  that  property  may 
be  peculiar  to  its  race  or  to  itself),  or  its  susceptibility  may  have 
been  acquired  directly  or  may  have  been  transmitted  to  it  by  its 
parents.    We  therefore  differentiate 

A.  Natural  Susceptibility  or  Predisposition. 
.  B.  Acquired  Susceptibility  or  Predisposition. 
C.  Inherited  Susceptibility  or  Predisposition. 

A.  Natural  Susceptibility. — This  condition  is  said  to  exist 
only  when  susceptibility  is  great  and  when  the  animal  may 
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otherwise  be  regarded  as  normal.    In  the  case  of  the  mouse  and 
anthrax,  suscepiibihty  is  so  great  that,  if  an  animal  be  inoculated 
with  anthrax  at  the  tip  of  the  tail  and  the  lower  portion  of  the 
tail  be  amputated,  even  within  one  minute,  the  animal  will  die  of 
anthrax.    The  natural  susceptibility  of  man  to  syphilis  is  also 
very  great ;  excision  of  the  seat  of  infection,  however  short  a  time 
after  infection,  has  probably  never  been  followed  by  freedom  from 
subsequent  development  of  the  disease.    Certain  individuals  show 
a  marked  natural  susceptibiHty  to  infective  disease  of  all  kinds ; 
thus,  in  a  case  personally  known  to  the  author,  a  healthy  woman 
of  27  years  had  suffered  from   small -pox,  scarlatina  (twice), 
measles,  whooping-cough,  influenza  (five  separate  attacks),  and 
diphtheria,  besides  innumerable  attacks  of  folHcular  tonsillitis  and 
catarrh ;   her  brother,  whose  occupation  was  closely  similar, 
during  the   same  number  of  years  only  contracted  measles, 
whooping-cough,  influenza  (a  mild  attack),  and  catarrhs.  Where 
natural  susceptibility  is  small,  it  comes  practically  to  the  existence 
of  a  relatively  high  degree  of  natural  immunity. 

B.  Acquired  Susceptihility .—H.ev%  we  have  to  deal  with 
individual  peculiarity  alone  as  distinguished  from  that  of  races  or 
of  varieties.  A  susceptibility  may  be  acquired,  or  a  natural 
insusceptibility  may  be  broken  down,  by  a  variety  of  conditions^ 
of  which  the  following  are  the  chief : 

{a)  Age. — Susceptibility  to  infective  disease  of  all  kinds  is 
greater  in  youth.  In  the  human  subject  the  frequency  with 
which  such  infective  diseases  as  measles,  mumps,  scarlatma, 
whooping-cough  affect  children  is  a  matter  of  common  knowledge. 
Newly  born  infants  constitute  an  exception  to  this  rule,  for  in 
them  susceptibility  to  infective  diseases  of  most  kinds  is  less  than 
it  is  between  the  second  year  of  life  and  puberty  ;  this  immunity 
may  in  part  depend  upon  a  smaller  exposure  to  infection,  but  has 
been  shown  to  depend  chiefly  upon  their  absorption  of  immunismg 
substances  with  the  mother's  milk.  A  good  example  of  the  effect 
of  age  is  given  by  the  white  rat  in  the  case  of  anthrax,  for  though 
the  adult  white  rat  is  insusceptible  to  anthrax  the  young  white 
rat  is  very  susceptible. 

In  advanced  age  susceptibility  does  not  seem  to  be  greater 
than  in  adult  life,  but  at  least  in  human  beings  this  may  be 
because,  by  the  time  old  age  has  been  reached,  an  acquired 
immunity  has  been  obtained  to  the  diseases  to  which  the 
individual  is  most  liable  to  be  exposed.  The  resisting  power  of 
the  organism  to  disease  generally  in  old  age  as  in  extreme  youth 
is  less  than  it  is  in  adult  life,  and  there  is  no  reason  to  doubt  that. 
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■with  the  exceptions  jii&t  given,  the  susceptibiHty  to  infective 
disease  generally  is  increased.  As  evidence  of  this  may  be  given 
the  readiness  with,  which  aged  persons  are  attacked  by  influenza, 
«nd  the  severe  course  which  it  runs  in  them. 

(b)  Hunger  and  Thirst. — Canalis  and  Morpurgo  showed  that, 
by  starvation,  pigeons,  which  are  normally  resistant  to  anthrax, 
•are  rendered  very  susceptible.  To  be  effective,  these  authors 
found  that  starvation  must  be  continued  after  inoculation  ;  if  the 
birds  are  starved  before,  but  fed  after,  inoculation,  they  survive, 
unless  the  hunger  period  has  been  greater  than  six  days.  Pernice 
•and  Alessi  proved  that  dogs,  hens,  pigeons,  and  frogs  can  be 
rendered  susceptible  to  anthrax  by  depriving  them  of  water. 

(c)  Improper  Food. — Hankin  showed  that  the  refractory  white 
rat  may  be  rendered  susceptible  to  anthrax  by  feeding  upon  sour 
milk  and  bread.  In  the  same  way  it  has  been  found  that  the 
presence  of  sugar  in  the  blood,  as  when  phloridzin  is  administered, 
increases  susceptibility  of  the  animal  in  some  cases. 

{d)  Exposure  to  Heat,  Cold,  and  Moisture. — Several  examples 
of  the  effects  of  these  agents  are  known.  Two  of  the  most  striking 
are,  that  on  immersing  a  hen  in  cold  water  she  loses  her  resist- 
ance to  anthrax  (Pasteur),  and  that  a  frog,  if  kept  at  a  tempera- 
ture of  25°-35°  C,  succumbs  to  inoculation  with  anthrax 
(Petruschky). 

(e)  Fatigue  and  Loss  of  Blood. — Charrin  a,nd  Boger  have 
shown  that  the  natural  immunity  of  the  white  rat  is  broken  down 
-by  causing  the  animal  to  work  in  a  rotating  cage  until  thoroughly 
fatigued.  Eodet  produced  an  acquired  susceptibility  in  animals 
by  inducing  general  anaemia  from  loss  of  blood. 

if)  Removal  of  Organs, — Several  experimenters  have  found 
that  after  removal  of  important  organs,  especially  the  pancreas 
{Canalis  and  Morpurgo)  and  the  spleen  (Tizzoni  and  Cattani), 
susceptibility  to  infective  disease  is  increased.  It  was  at  first 
thought  that  these  experiments  prove  the  organs  in  question  to 
have  some  special  connection  with  natural  immunity.  But 
greater  care  in  experiment  and  re-establishment  of  the  animal's 
health  before  inoculation  have  shown  that  the  acquired  sus- 
ceptibility is  not  due  to  absence  of  the  function  of  any  especial 
organ,  but  simply  to  the  shock  &c.  which  necessarily  follows  a 
serious  operation. 

ig)  It  has  been  shown  by  Wasserman,  by  Besredka,  and  by 
Himmel  that  the  resistance  of  an  animal  may  be  broken  down 
by  previously  treating  it  with  antialexin,  a  substance  artificially 
produced  in  the  blood-serum  of  specially  prepared  animals  to 
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which  further  reference  will  be  made  later.  This  antialexin  has 
the  property  of  neutralising  the  alexin  present  in  the  serum  of 
normal  animals. 

In  the  human  subject  we  have  of  course  no  direct  evidence 
comparable  with  that  obtained  in  lower  animals,  but  it  is  a  well- 
known  fact  that  insanitary  conditions,  exposure,  bad  and  in- 
sufficient food,  mental  worry  and  physical  fatigue,  all  of  which 
are  included  under  the  general  term  '  depressing  conditions,'  are 
associated  very  closely  with  tuberculosis.  The  lower  death-rate 
from  infective  disease  generally,  and  from  tuberculosis  in  par- 
ticular, which  has  been  observable  in  England  during  the  past 
twenty  years  or  so,  must  be  associated  with  the  better  personal 
and  public  hygiene  and  the  improved  standard  of  living  that  have 
■existed  over  the  same  period. 

In  the  same  class  come  those  conditions  which  are  known  as 
'terminal  infections.'  It  is  a  matter  of  common  experience  that 
intestinal  bacteria  frequently  gain  entrance  to  the  blood  stream 
shortly  before  death,  and  multiply  therein  when  the  disease  from 
which  the  patient  has  died  has  been  prolonged  and  exhausting. 
So  too  it  may  be  found  that  a  person  dying  from  malignant  disease 
or  leuchsemia,  for  example,  also  shows  a  recent  and  generalised 
miliary  tuberculosis.  In  such  cases  there  has  been  an  old  focus 
of  disease  which  has  remained  quiescent  until  the  resistance  of 
the  individual  has  been  sufficiently  reduced.  The  increased 
susceptibility  of  patients  to  infective  disease  after  severe  operations 
is  another  and  highly  important  example  of  the  class  of  condition 
now  under  consideration. 

C.  Inherited  Sitsceptibility. — This  branch  of  the  subject  will 
be  postponed  until  it  can  be  discussed  along  with  inherited 
immunity. 

(iii)  Immunity. — As  with  susceptibility  so  with  immunity  we 
have  to  distinguish  three  varieties  : — 

A.  Natural  Immunity. 

B.  Acquired  Immunity. 

C.  Inherited  Immunity. 

A.  Natural  Immuiiity .—This  form  of  immunity  may  be  seen 
in  species,  in  varieties,  or  in  individuals,  but  enough  has  already 
been  said  upon  the  point  in  Section  III.  (i)  (b)  of  this  chapter  (p.  339). 

B.  Acquired  Immunity  .—Of  this  variety  of  immunity  there 
are  two  distinct  kinds,  which  have  been  distinguished  as  '  active 
and  'passive.'    These  are  so  different  that  they  must  be  treated 
separately. 
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{a)  Active  Immunity. — An  active  immunity  may  be  acquired 
in  five  different  ways  at  least. 

a.  The  natural  susceptibility  to  a  given  infective  disease  may  be 
removed  after  recovery  from  an  attack  of  that  disease.  Examples 
of  this  method  are  very  common  in  ordinary  life ;  the  person  who 
has  suffered  from  such  diseases  as  measles,  scarlatina,  mumps,  or 
whooping-cough  probably  never  has  another  attack  of  the  same 
disease  during  the  remainder  of  his  life.  Here  the  acquired 
immunity  is  permanent,  but  in  other  cases  immunity,  may  be  of 
shorter  or  even  of  very  short  duration.  Thus  for  a  short  time 
after  recovery  from  an  ordinary  catarrh  the  patient  is  immunised, 
but  within  a  few  weeks  or  months  the  immunity  disappears. 
"With  erysipelas,  cholera,  and  influenza  the  immunity  conferred 
by  an  attack  of  one  of  these  diseases  is  so  short  that  it  may  almost 
be  said  to  be  non-existent,  indeed  many  surgeons  have  maintained 
that  one  attack  of  erysipelas  actually  predisposes  the  patient  to  a 
second. 

/3.  Immunity  may  be  acquired  by  inoculation  with  attenuated 
micro-organisms.  The  best  example  of  this  mode  of  procuring 
immunity  is  probably  afforded  by  vaccination,  though  we  are  still 
in  doubt  as  to  the  bacteria  concerned.  It  is  generally  allowed, 
and  it  has  been  conclusively  proved  by  Copeman,  that  vaccinia  is 
variola  or  small-pox  attenuated  by  passage  of  the  disease  through 
the  cow ;  we  may  therefore  regard  vaccination  as  inoculation  with 
an  attenuated  form  of  that  disease  against  which  we  wish  to 
confer  an  immunity.  Intentional  inoculation  with  small-pox  as 
it  was  practised  in  the  eighteenth  century  was  an  example  rather 
of  the  first  than  of  the  second  method,  for  though  the  variolous 
matter  was  taken  from  mild  cases,  it  could  not  be  said  to  be 
attenuated,  since  it  not  infrequently  produced  severe — even  fatal 
— disease  in  the  inoculated  persons.  Pasteur  applied  the  principle 
of  inoculation  with  attenuated  virus  to  chicken-cholera,  anthrax, 
and  other  diseases  with  greater  or  less  degrees  of  success.  Haff- 
kine's  method  of  anti-choleraic  inoculations  and  Wright's  method 
of  anti-typhoid  vaccination  practically  belong  to  this  class. 

7.  Immunity  may  be  conferred  by  repeated  inoculation  with 
small  doses  of  virulent  micro-organisms.^  In  this  method  it  is 
obvious  that  a  direct  attempt  is  made  to  copy  nature.    The  dose 

'  Klein  (Centralbl.  f.  Bakt.  &c.  vol.  xx.  1896,  p.  417)  produced  an  innnonityto 
diphtheria  in  guinea-pigs  by  successive  injection  into  the  peritoneal  cavity  of  large 
quantities  of  living  diphtheria  bacilli  taken  from  cultures  on  gelatine.  The  guinea- 
pig  is  much  less  susceptible  to  intra-peritoneal  than  to  subcutaneous  inoculation  with 
diphtheria  bacilli.    Ileference  will  be  made  to  this  experiment  later. 
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inoculated  must  of  course  be  less  than  the  minimal  lethal  dose. 
When  the  animal  has  recovered,  it  is  found  to  possess  a  certain 
degree  of  immunity,  and  one  is  able,  by  gradually  raising  the  dose 
of  virus  injected  in  successive  inoculations  of  the  same  animal,  to 
raise  the  degree  of  immunity  w^hich  it  possesses.  Ultimately  the 
animal  may  withstand  with  ease  a  dose  equal  to  many  times  the 
dose  which  would  at  first  have  been  fatal. 

8.  The  most  important  method  we  possess  for  obtaining  ac- 
quired immunity  is  that  introduced  by  Salmon  and  Smith  in 
America.  These  investigators  found  that,  if  the  sterilised  products 
of  the  bacillus  of  hog-cholera  be  injected  into  pigeons,  the  birds 
become  resistant  to  subsequent  inoculations  with  the  bacillus 
itself.  This  method  is  of  vast  importance,  both  from  a  practical 
and  from  a  theoretical  point  of  view.  The  theoretical  side  of  the 
question  will  be  left  for  the  present ;  but  from  a  practical  point 
of  view  the  discovery  is  important,  because  it  permits  of  better 
regulation  of  the  dose  used  for  inoculation.  In  laboratory  experi- 
ments, except  for  special  purposes,  this  method  has  superseded  the 
others.  Numerous  examples  of  immunity  acquired  in  this  manner 
are  known,  but  the  most  striking  are  perhaps  those  obtained 
in  the  cases  of  B.  tetani,  B.  diphtheria),  and  B,  pyocyaneus. 

Just  as,  when  conferring  immunity  by  doses  of  virulent  micro- 
organisms, it  is  necessary  to  commence  with  doses  far  below  the 
lethal  dose,  and  to  gradually  increase  the  amount  inoculated,  so 
in  this  method  of  'immunisation  by  chemical  products'  it  is 
necessary  to  begin  with  very  small  doses  of  the  toxin  and  to 
gradually  increase  the  dose  as  immunity  is  being  acquired.  If 
this  process  be  carried  out  with  care,  an  animal  may  in  time 
acquire  so  great  a  degree  of  immunity  that  it  will  withstand  an 
injection  of  many  hundred  times  the  dose  of  poison  that  would 
have,  at  first,  killed  it  with  certainty.  This  method  is  adopted 
(in  some  cases  in  conjunction  with  inoculation  of  cultures  of 
living  and  virulent  bacilli)  in  the  preparation  of  anti-diphtheritic 
serum  from  horses.  There  is  a  limit,  apparently,  for  each  animal, 
beyond  which  an  acquired  immunity  of  this  kind  cannot  be 
pushed. 

£.  It  has  been  found  that  an  immunity  may  be  acquired  after 
feeding  an  animal  with  toxin.  Little  is  known  with  reference  to 
this  method,  but  it  is  of  great  interest  in  connection  with  the 
beneficial  results  obtained  in  myxoedema  by  feeding  with  thyroids 
of  the  sheep. 

(b)  Passive  Immunity. — It  was  found  by  many  observers, 
among  whom  Behring  stands  pre-eminent,  that  when  an  animal 
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has,  by  any  of  the  methods  described  above,  been  immunised 
«,gainst  a  given  infective  agent,  the  blood-serum  of  that  animal, 
if  inoculated  into  other  animals,  can  confer  upon  them  also  an 
immunity  against  the  same  infective  agent.  This  statement  may 
be  regarded  as  a  general  law.  Since  the  second  animal  in  this 
case  has  not  been  '  actively '  immunised  by  the  specific  micro- 
organism or  its  toxin,  but  is  simply  made  to  share  in  the  im- 
munity which  inoculation  of  the  specific  micro-organism  or  its 
toxin  has  produced  in  the  first  animal,  this  method  of  immunisa- 
tion has  been  distinguished  as  '  passive.' 

The  truth  of  the  law  given  above  is  now  firmly  established  ;  it 
has  been  demonstrated  in  the  cases  of  rabies,  of  tetanus,  of  diph- 
theria, of  pneumonia,  and  of  other  diseases.  Ehrlich  extended 
the  range  over  which  this  law  holds  good  by  showing  that 
•animals  may  be  actively  immunised  against  ricin  (the  active 
principle  of  castor-oil  beans)  and  abrin  (the  active  principle  of 
jequirity  seeds),  and  that  the  blood-serum  of  such  immune 
animals  is  able  to  confer  passive  immunity  against  ricin  and 
abrin  respectively  in  other  animals.  And  Calmette,  whose 
work  has  been  confirmed  by  Fraser,  has  shown  that  the  same 
holds  good  with  reference  to  animals  immunised  by  successive 
small  doses  against  snake-venom.^ 

The  importance  of  this  method  of  conferring  immunity  lies 
an  the  fact  that  it  is  not  only  protective,  but  also  is  curative. 
Not  only  by  a  previous  injection  of  serum  from  an  immunised 
animal  can  a  subsequent  inoculation  with  the  poison  (or,  in  the 
•case  of  bacterial  poisons,  with  the  bacteria)  be  rendered  abortive, 
but  also  if  a  sufficiently  large  injection  of  the  serum  be  given  after 
symptoms  of  the  disease  have  appeared,  those  symptoms  are  cut 
ehort,  and  the  patient  recovers.  The  amount  of  the  specific  serum 
necessary  for  cure  is,  however,  greater  than  the  amount  necessary 
for  prevention,  and  the  probability  of  cure  varies  inversely  with 
the  length  of  time  after  inoculation  with  the  micro-organism  that 
elapses  before  injection  of  the  serum  is  carried  out. 

Passive  and  active  immunity  show  important  differences.  In 
particular,  passive  immunity  appears  very  rapidly  after  injection 
of  the  immunising  serum ;  active  immunity,  on  the  other  hand, 
•does  not  appear  for  days,  or  even  weeks,  after  inoculation  with  the 
toxin  or  bacteria  ;  passive  immunity  varies  with  the  immunity  of 
the  animal  whence  the  serum  was  obtained  and  the  amount  of 
-serum  injected,  active  immunity  is  only  within  limits  proportional 

'  In  spite  of  many  attempts,  an  immunising  serum  has  never  been  prepared  for 
Jilkaloidal  poisons  such  as  morphia  and  strychnin. 


346  THE  PATHOLOGY  OF  INFECTION  AND  IMMUNITY 


to  the  amount  or  intensity  of  the  virus  (toxin  or  bacteria)  used  for 
injection ;  passive  immunity  is  only  temporary,  active  immunity 
is  (relatively)  x^ermanent. 

C.  Inherited  Susceptibility  and  Immunity. — Though  much 
still  remains  to  be  learnt  concerning  other  forms  of  immunity 
and  susceptibility,  even  more  is  unknown  concerning  hereditary 
transmission  of  these  characteristics.  But  the  fact  among  others 
that  the  children  of  tuberculous  parents  are  very  liable  to  suffer 
from  tuberculosis  shows  the  importance  of  the  question. 

Now,  when  the  child  of  tuberculous  parents  itself  suffers  from 
tuberculosis,  it  may  either  be  born  with  evidence  of  the  disease, 
in  which  case  the  tuberculosis  is  '  congenital,'  or  the  disease  may 
not  be  developed  till  later  in  life,  perhaps  in  the  first  or  second 
year,  perhaps  in  early  adolescence. 

Where  the  disease  is  congenital,  infection  must  have  been 
derived  either  from  the  father  through  the  semen  or  from  the 
mother.  With  regard  to  paternal  infection,  though  it  is  certain 
that  the  semen  of  tuberculous  persons  may  contain  tubercle 
bacilli,  the  occurrence  of  direct  infection  of  the  ovule  is  very 
doubtful ;  probably  in  all  cases  of  congenital  tuberculosis  the 
mother  herself  has  been  infected  first. ^  With  regard  to  maternal 
infection  it  is  known  that  the  mother  may  directly  infect  her 
offspring  iii  utero  with  typhoid  fever,  with  small-pox,  with 
malaria,  and  in  these  cases  the  micro-organisms  concerned  must 
have  passed  through  the  walls  of  the  maternal  and  foetal  blood- 
vessels in  the  placenta  ;  nevertheless  it  is  doubtful  whether  such 
passage  of  micro-organisms  can  take  place  when  the  placenta  is 
healthy.  For  congenital  tuberculosis  we  may  therefore  regard 
an  antecedent  maternal  infection  as  being  most  probable. 

But  when  disease  is  contracted  in  later  life  at  least  three 
explanations  are  possible  :  (1)  Infection  may  take  place  because 
of  the  existence  around  the  child  of  an  atmosphere  more  highly 
charged  with  tubercle  bacilli  than  normal,  i.e,  the  risk  of  infection 
is  abnormally  great.  There  can  be  no  doubt  that  such  increased 
risk  obtains  in  cases  where  the  tuberculous  parent  or  parents  are 
still  living  and  the  subjects  of  active  tuberculosis  of  the  lungs. 
The  number  of  bacilli  expectorated  with  the  sputum  is  frequently 
enormous,  and  the  carelessness  of  consumptive  patients  with  regard 

'  According  to  Kanthack  (Allbutt's  System  of  Medicine)  this  may  b6  said  of  all 
infective  diseases  with  the  bacteriology  of  which  we  are  acquainted.  In  syphi  is, 
direct  paternal  infection  may  apparenthj  take  place  in  that  a  syphilitic  child  may  e 
born  without  any  evidence  of  the  disease  being  presented  by  the  mother ;  but  that  er 
tissues  are  modified  in  some  way  is  shown  by  the  fact  that  though  such  a  child  wi 
infect  a  wet-nurse  it  will  not  infect  its  own  mother  (Colles's  law). 
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to  disinfection  of  tlieir  sputum,  combined  with  the  great  vitahty 
shown  by  tubercle  bacilli  where  drying  is  concerned,  must  lead  to 
the  suspension  in  the  air  of  large  numbers  of  potentially  active 
bacilli.  Even  in  hospitals  for  consumption,  where  great  care  is- 
taken  to  disinfect  expectoration,  the  air  contains  relatively  large 
numbers  of  tubercle  bacilli.  (2)  The  child  may  possibly  inherit 
a  susceptibility  which  exists  in  its  parents  as  shown  by  the 
occurrence  of '  tuberculosis  in  them.  This  condition  is  the  only 
one  which  could  strictly  be  called  '  inheritance  of  susceptibility,' 
and  it  has  long  been  held  that  such  an  inheritance  is  the  chief 
cause  of  the  appearance  of  tuberculosis  in  the  children  of  tuber- 
culous parents.  If  the  inheritance  of  parental  characteristics, 
physical  as  well  as  mental,  is  borne  in  mind,  the  possibility  of 
such  an  explanation  cannot  be  denied,  but  its  actual  existence  is 
extremely  difficult  of  proof.  In  some  cases  a  special  individual 
susceptibility  is  recognised,  as  for  example  where  one  member  of 
a  family,  in  which  for  three  generations  no  case  of  tuberculosis 
has  ever  been  known,  suddenly  contracts  the  disease  and  dies  in  a. 
few  weeks  or  months  of  '  galloping  consumption.'  On  the  other 
hand,  a  special  individual  immunity  is  sometimes  seen,  as  where 
a  father,  mother,  and  seven  brothers  and  sisters  have  died  from 
tuberculosis,  but  yet  one  member  of  the  family  (aged  50),  in  spite 
of  having  lived  for  eighteen  years  in  a  hospital  for  consumption, 
has  nevertheless  remained  perfectly  well.^  (3)  The  bacilli  may 
have  been  introduced  during  foetal  life,  but  have  remained 
'latent.'    To  this  point  reference  will  be  made  later. 

Turning  now  to  the  subject  of  inherited  immunity.  Immunity 
of  the  young  of  immunised  parents  to  anthrax,  to  rabies,  to 
tetanus,  &ndto  B.  pyocyaneiis,  has  been  experimentally  recognised, 
and  reference  has  already  been  made  to  the  fact  that  newly  born 
infants  show  a  marked  immunity  to  diseases  to  which  in  later 
life  they  become  susceptible.  Here  again  at  least  three  explana- 
tions are  possible :  (I)  The  child  may  partake  of  an  acquired 
immunity  possessed  by  its  mother.  In  this  case  the  child  would 
be  the  subject  of  a  passive  immunity,  differing  only  from  passive 
immunity  as  we  know  it  in  other  cases  by  the  particular  method 
in  which  the  protective  serum  is  introduced  from  one  individual 
into  another.  The  fact  that  the  immunity  present  in  the  newly 
born  gives  place  to  a  susceptibility  within  a  few  weeks  or  months 
of  birth  completes  the  analogy  with  other  cases  of  passive 

'  The  examples  given  have  come  under  the  author's  personal  observation ;  the 
family  history  of  the  last  case  is  a  curious  combination  of  the  opposite  conditions  uridet 
discussion. 
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immunity.  (2)  The  child  may  have  itself  acquired  an  active 
immunity,  though  in  utero,  from  having  itself  passed  through 
an  attack  of  the  disease,  or  from  having  received  repeated  doses 
of  toxin  through  the  blood-plasma  of  the  mother.  Under  either 
of  these  tv70  conditions  the  mother  must  have  been  suffering 
from  the  disease  during  her  pregnancy.  (3)  An  immunity  present 
in  the  father  or  mother  may  have  been  transmitted  directly  to 
the  embryo. 

Strictly  speaking,  the  last  of  these  possibilities  alone  should 
be   called   '  inheritance    of    immunity,'   but   there    is  reason 
to  believe  that  in  a  large  number  of  cases — perhaps  the  ma- 
jority—of 'inherited  immunity'   the  j'oung  is  immunised  by 
either  the  first  or  the  second  method.    In  the  case  of  B.  pyo- 
cyaneus,  Charrin  and  Gley  have  done  some  important  work  in 
an  endeavour  to  investigate   inheritance  of  immunity  in  its 
strictest  sense.    Male  rabbits  (the  rabbit  may  be  said  to  possess 
no  natural  immunity  whatever  to  B.  pyocyaneus)  were  immunised 
by  repeated  subcutaneous  injections  of  pyocyaneus  toxin.  Fifteen 
to  eighteen  days  after  the  last  injection,  bj''  which  time  previous 
experience  had  shown  that  no  toxin  is  present  in  the  animals, 
each  of  the  males  was  placed  in  a  cage  with  a  nDrmal  healthy 
female.  Of  thirty-six  young  born  alive  from  these  parents,  Charrin 
and  Gley  found  that  three  possessed  a  greater  or  less  degree  of 
resistance  to  inoculation  with  the  Bacillus  p)yocyaneus,  though 
the  mothers  themselves  were  still  highly  susceptible  in  all  cases 
but  one.    Though  rare,  a  strict  inheritance  of  immunity  may 
therefore  be  allowed  to  exist.    When  both  parents  had  been 
immunised  the  percentage  was  much  higher,  eight  young  out  of 
twenty-three  showing  resistance  to  inoculation  with  the  disease. 

(iv)  Local  Immunity. — In  all  the  forms  of  immunity  that 
have  hitherto  been  considered  the  condition  has  been  one  apper- 
taining to  the  body  as  a  whole,  and  for  that  reason  they  may  be 
Bummed  up  under  the  term  '  general  immunity.'  But  Cobbett 
and  Melsome  showed  that  besides  a  general  immunity  we  may 
also  have  a  local  immunity.  Upon  this  point  we  have  as  yet 
little  information,  but  the  authors  mentioned  found  that  the 
result  of  inoculating  the  rabbit's  ear  with  Strept.  erysipelatis 
differs  according  as  the  ear  has  or  has  not  been  the  seat  of  a 
previous  recent  attack  of  erysipelas.  In  the  normal  ear,  inocula- 
tion is  followed  by  an  inflammation  which  usually  commences  not 
earlier  than  the  third  day,  which  is  at  its  height  about  the 
seventh  or  eighth  day,  when  the  whole  ear  is  red,  hot,  oedematous, 
.and  drooping,  and  which  terminates  about  the  twelfth  day  m 
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death  of  the  animal  or  recovery  after  more  or  less  severe- 
symptoms,  including  gangrene  of  the  ear.  Inoculation  of  an 
ear  that  has  recently  recovered  from  such  an  attack,  on  the  other 
hand,  leads  to  a  transient  hyperaemia,  which  begins  a  few  hours 
after  inoculation,  which  is  never  severe,  and  which  has  usually 
disappeared  by  the  following  day.  The  authors  associated  this- 
milder  course  of  the  disease  in  the  second  case  with  the  presence 
in  the  ear  of  inflammatory  products — cells  and  exudation — left 
on  the  retrogression  of  the  first  attack.  Alongside  of  these  ex- 
periments may  be  placed  those  of  Metchnikoff  and  of  Issaeff,. 
who  found  that  if  cholera  vibrios  or  pneumococci  be  inoculated 
into  the  peritoneal  cavity  of  guinea-pigs  which  the  day  previous, 
have  been  subjected  to  an  injection  of  sterile  bouillon,  the 
animals  recover,  whereas  if  no  preparation  of  the  peritoneum, 
have  been  made  the  animals  succumb.  It  is  not  known  if  local 
immunity  is  specific,  and  there  are  many  reasons  for  believing 
that  this  is  not  the  case.  If  so,  there  is  a  marked  difference 
between  local  acquired  immunity  and  general  acquired  im- 
munity. 

IV.  Bacterial  Factors  influencing-  the  Occurrence  or 
Non-occurrence  of  Infection.— Besides  personal  factors  of 
immunity  and  susceptibility,  the  question  whether  inoculation  of 
a  given  micro-organism  shall  or  shall  not  lead  to  disease  depends 
upon  factors  that  may  be  grouped  together  as  'bacterial,'  These 
are  as  follows  : 

(i)  The  Dose  used  for  Inoculation.— That  the  dose  of  the: 
causal  agent  of  a  disease  which  gains  entrance  to  the  tissues  of 
an  animal  must  have  an  effect  in  determining  whether  infection 
shall  occur  or  not  is  obvious,  and  we  have  experimental  evidence 
that  such  is  the  case.  This  evidence  is  clearest  in  diseases  such 
as  diphtheria  and  tetanus,  in  which  gradation  in  severity  of  the- 
symptoms  can  be  induced  in  different  animals  by  injecting 
graduated  doses  of  toxin  apart  from  micro-organisms.  The  same 
probably  also  holds  good  with  injections  of  hving  bacilli,  at  least 
within  hmits.  Upon  this  point  Watson  Cheyne  made  special 
experiments,  and  found  that  in  the  case  of  each  micro-organism 
and  each  species  of  animal  there  is  a  certain  (rough)  minimal 
number  of  bacteria  which  it  is  necessary  to  inject,  otherwise  in- 
fection fails.  This  number  is  greater  or  smaller  according  to  the- 
immunity  or  susceptibility  of  the  animal,  to  the  virulence  of  the 
micro-organism  used  for  inoculation,  &c.  There  can  be  no  doubt 
that  in  health,  pathogenetic  micro-organisms  are  constantly 
gaining  access  to  our  tissues  through  abrasions  of  the  cuticular 
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and  mucous  surfaces ;  that  we  do  not  become  a  prey  to  an  infinity 
of  diseases  must  largely  depend  upon  the  fact  that  the  doses  of 
micro-organisms  that  we  receive  in  this  way  are  subminimal. 

(ii)  The  Seat  of  Inoculation. — Though  it  is  highly  probable 
that  micro-organisms  cannot  gain  entrance  to  the  tissues  through 
an  absolutely  uninjmred  surface,  there  is  reason  to  believe  that 
their  effects  upon  the  body  as  a  whole,  when  once  they  have 
gained  an  entrance,  depend  in  large  degree  upon  the  seat  at 
which  they  become  inoculated.  Not  only  does  this  affect  the 
general  course  of  the  disease,  but  it  also  aids  in  determining 
whether  infection  shall  occur  or  not.  An  example  of  these  points 
is  yielded  by  diphtheria.  If  the  micro-organism  (apart  from 
toxin)  be  inoculated  into  the  peritoneal  cavity  of  a  normal  guinea- 
pig,  the  animal  will  in  a  large  number  of  cases  suffer  no  harm, 
and  in  any  case  it  will  probably  not  die ;  but  if  an  exactly  similar 
inoculation  be  made  into  the  subcutaneous  tissue  of  the  abdomen 
of  another  guinea-pig,  it  will  probably  die  in  a  couple  of  days. 
The  exact  converse  is  true  for  V.  cholercB  asiatic(B,  since  a  dose 
which,  inoculated  into  the  peritoneal  cavity  of  a  normal  guinea- 
pig,  will  kill  with  certainty,  inoculated  into  the  subcutaneous 
tissues  of  another  guinea-pig,  will  lead  perhaps  to  no  more  than  a 
slight  local  inflammation.  When  discussing  local  immunity,  also, 
reference  was  made  to  the  fact  that  a  pathogenetic  micro-organism 
which  will  lead  to  disease  when  injected  into  a  normal  part,  may 
fail  to  do  so  if  injected  into  a  part  that  has  a  short  time  previously 
been  the  seat  of  inflammation.  A  satisfactory  explanation  of 
these  facts  is  at  present  impossible,  but  they  must  certainly 
depend  upon  tissue  conditions  of  some  kind. 

(iii)  The  Virulence  of  the  Miero-orgranism.— Here  we  have 
another  important  factor  in  determining  whether  infection  shall 
occur  or  not.  Infection  may  fail  because,  as  the  result  of  atte- 
nuation, the  microbe  has  become  converted  into  a  comparatively 
harmless  parasite,  or  even  has  become  unable  to  carry  on  a  para- 
sitic existence  at  all  except  under  extraordinary  circumstances. 
This  is  probably  the  case  with  some  of  the  pathogenetic  micro- 
organisms inhabiting  the  mouth.  Attenuation  of  the  micro- 
organism is  probably  also  one  of  the  causes  for  the  dying-out  of 
epidemics  and  for  the  milder  course  run  by  cases  occurring 
towards  the  end  of  epidemics.  On  the  other  hand,  the  virulence 
of  a  microbe  may  be  increased,  and  then  the  Hability  of  infection 
following  inoculation  is  proportionately  increased. 

The  virulence  of  a  pathogenetic  micro-organism  may  be  raised 
or  lowered  by  artificial  means  within  wide  limits;  so  that,  for 
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example,  starting  with  a  given  variety  of  B.  anthracis,  it  may, 
on  the  one  hand,  be  attenuated  to  such  an  extent  that  it  no 
longer  infects  the  highly  susceptible  white  mouse,  and,  on  the 
other  hand,  its  virulence  may  be  increased  to  such  an  extent  that 
it  readily  kills  the  much  less  susceptible  sheep.  When  a  micro- 
organism has  been  artificially  attenuated,  it  apparently  never 
loses  all  its  distinguishing  properties;  morphologically  and  cul- 
turally, its  characters  are  practically  unchanged.  Probably  also 
its  original  virulence  may  always  again  be  established  by  appro- 
priate means ;  as  a  rule,  passage  through  one  or  two  animals 
is  sufficient  for  the  purpose. 

We  have  no  evidence  that  a  pathogenetic  micro-organism 
ever  becomes  permanently  saprophytic.  Nor  have  we  evidence 
that  a  normally  saprophytic  micro-organism  ever  becomes  para- 
sitic. Nevertheless,  according  to  Klein,  B.  coli,  a  saprophyte 
found  normally  in  the  intestine  and  non-pathogenetic  for  the 
guinea-pig,  may,  under  certain  circumstances,  gain  access  to  the 
peritoneal  cavity — passing  either  through  the  injured  or  the  un- 
injured intestinal  wall — and  may  there  become  so  virulent,  that  a 
minute  dose  injected  intra-peritoneally  into  guinea-pigs  produces 
a  fatal  disease  which  is  truly  infective  in  that  it  can  be  communi- 
cated from  animal  to  animal.  Buchner's  assertion  that  by 
cultivation  he  succeeded  in  converting  the  common  hay  bacillus 
{B.  suhtilis)  into  the  bacillus  of  anthrax  has  long  been  held  as 
dependent  upon  imperfection  in  his  methods,  and  in  the  case  of 
Klein's  experiments  the  great  dissimilarities  between  the  nume- 
rous varieties  of  micro-organism  included  under  the  name  B.  coli 
raises  the  suspicion  that  the  highly  virulent  micro-organism  may 
not  have  been  derived  from  the  harmless  saprophyte  at  all. 

In  this  connection  may  be  mentioned  the  important  subject  of 
tuberculosis  which  is  met  with  in  birds,  in  cattle,  and  in  man, 
and  is  dependent  upon  bacilli  having  somewhat  characteristic 
staining  and  cultural  properties.  At  first  it  was  thought  that  the 
bacterial  cause  of  the  condition,  which  is  histologically  very 
similar  in  the  animals  mentioned,  was  one  and  the  same,  and  that 
such  differences  as  obtained  depended  upon  the  particular  animal 
in  which  the  disease  was  observed.  But  it  was  soon  recognised 
that  avian  tuberculosis  differs  radically  from  bovine  and  human 
tuberculosis,  and  recently  Koch  and  Schiitz  have  asserted  that 
bovine  tuberculosis  cannot  be  conveyed  to  man,  or,  in  other 
words,  that  bovine  and  human  tuberculosis  are  fundamentally 
different  also.  Upon  this  latter  question,  with  its  far-reaching  eco- 
nomic importance  from  the  point  of  view  of  meat  and  milk  supplies, 
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many  investigators  have  been  at  work,  and  although  the  matter 
cannot  be  said  to  be  finally  settled,  the  balance  of  evidence  goes 
to  show  that  the  transmission  of  tuberculosis  from  bovines  to  man 
is  possible,  though  perhaps  not  so  common  as  has  usually  been 
supposed.  The  converse  question,  whether  human  tuberculosis 
can  be  conveyed  to  bovines,  is  similarly  debated,  but  a  mass  of 
evidence  has  been  accumulated  to  rebut  the  assertion  of  Koch  and 
Schiitz  that  such  transmissibility  does  not  occur.  It  is  granted, 
however,  that  cattle  are  far  more  susceptible  to  infection  with 
bacilli  from  bovine  sources  than  with  bacilli  from  human  sources 
(sputum,  glands,  &c.).  In  this  country  the  most  extensive  work 
as  yet  published  on  the  subject  has  been  done  by  Hamilton  and 
Young. 

(iv)  The  Presence  or  Absence  of  Toxin  along  with  the  Micro- 
organisms used  for  Inoculation.— Vaillard  and  Eouget  showed 
that  if  the  spores  of  B.  tetani,  completely  freed  from  adhering 
toxin,  are  inoculated  even  in  very  large  quantities  into  the  highly 
susceptible  mouse  or  guinea-pig,  infection  fails.  Besson  obtained 
similar  results  in  the  case  of  inoculation  with  toxin-free  spores  of 
mahgnant  oedema.  There  is  no  doubt  also  that  the  effects  of  an 
injection  of  B.  diphtherue  into  the  peritoneal  cavity  of  a  normal 
guinea-pig  depend  very  largely  upon  the  presence  or  absence  of 
toxin  along  with  the  injected  bacilli.  If  the  bacilli  have  been 
grown  on  gelatine,  the  length  of  time  necessary  for  cultivation 
insures  that  the  surface  of  the  gelatine  is  dry  ;  hence  the  bacilh 
are  obtained  with  but  a  small  amount  of  adhering  toxm,  and  m 
the  large  majority  of  cases  injection  of  such  bacilh  is  followed  by 
no  ill  effects.  But  if  the  bacilli  have  been  grown  on  recently 
prepared  and  moist  agar-agar,  or,  still  better,  if  they  have  been 
crrown  in  bouillon,  a  greater  or  less  amount  of  toxm  is  mjected 
along  with  the  bacilli,  and  the  effects  of  an  intra-peritoneal 
injection  are  very  different ;  in  not  a  few  cases  death  occurs  m 
24-48  hours. 

(v)  Symbiosis.— Eeference  has  already  been  made  to  the 
importance  of  symbiosis  in  bacteriological  questions  generally. 
Sufficient  is  known  to  indicate  that  symbiosis  is  probably  a  factor 
of  the  highest  importance  in  determining  the  occurrence  or  non- 
occurrence of  infection.  In  tetanus,  as  usually  contracted  through 
a  wound  to  which  earth  has  gained  access,  the  presence  of  aerobic 
and  symbiotic  micro-organisms  entering  the  wound  at  the  same 
time  as  the  tetanus  bacilli  or  spores,  is  perhaps  essential  to  tbe 
later  development  of  the  tetanus  bacilh.  On  the  other  hand, 
it  has  been  shown  by  various  authors  that  symbiosis  mitigates 
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the  course  of  certain  infections.  Thus  if  B.  anthracis  and  Strept. 
erysipelatis  be  inoculated  simultaneously  into  a  rabbit,  fatal 
■anthrax  is  not  produced,  though,  in  the  absence  of  an  injection  of 
Strept.  erysipelatis,  the  animal  would  die  from  anthrax  (Watson 
€heyne,  von  Emmerich).  The  same  result  follows  if,  instead  of 
Strept.  erysipelatis,  B.  pyocyaneus  or  its  products  be  injected 
simultaneously  with  or  immediately  after  inoculation  with  anthrax 
(Bouchard,  Charrin,  Woodhead).  In  infective  diseases  of  the 
respiratory,  the  alimentary,  and  the  genito-urinary  tracts,  in  all 
of  which  symbiosis  must  be  readily  possible,  the  peculiar  characters 
of  individual  attacks  may  well  depend  in  part  upon  the  accidental 
organisms  present  in  the  particular  case.  In  this  matter  we  pass 
largely  into  the  region  of  pure  speculation.  Nevertheless  it  is 
certain  that  in  faucial  diphtheria  the  course  of  the  disease  is  likely 
to  be  less  severe  if  B.  diphtheria  is  present  in  practically  pure 
culture  than  if  it  is  mixed  with  staphylococci  or  streptococci,  or 
both. 

V.  On  Certain  Properties  of   Blood-serum. — It  is  now 

necessary  to  examine  into  certain  relations  obtaining  between 
blood-serum  on  the  one  hand  and  bacteria  and  their  products  on 
the  other,  partly  because  of  their  intrinsic  importance  and  partly 
because  reference  to  them  will  frequently  be  made  when  discussing 
the  theories  of  immunity.  These  properties  are  (i)  General,  and 
(ii)  Specific. 

(i)  General  Properties. — Blood-serum  was  early  thought  of 
tis  a  medium  in  which  the  cultivation  of  micro-organisms  might 
be  undertaken,  and  its  closer  resemblance  than  other  culture- 
media  to  the  normal  fluids  of  the  living  body  promised  interesting 
results  so  far  as  the  properties  of  pathogenetic  bacteria  are 
concerned.  But  though  these  promises  have  not  been  falsified, 
in  that  blood-serum  has  been  found  to  be  the  most  favourable  or 
even  the  only  medium  upon  which  artificial  cultivation  of  certain 
micro-organisms  can  be  carried  out,  the  results  obtained  from 
investigation  on  this  point  have  borne  far  more  important  fruit  in 
quite  another  direction.  Por  it  was  found  that  normal  blood- 
"serum  when  fresh,  so  far  from  being  a  favourable  culture-medium 
for  micro-organisms,  in  a  large  number  of  cases  actually  hinders 
their  growth  or  positively  destroys  them.  This  germicidal  pro- 
perty of  fresh  serum  is  gradually  lost,  and  then  the  serum,  like 
any  other  highly  albuminous  fluid,  is  a  very  suitable  culture- 
medium.  The  property  seems  to  be  directed  against  all  kinds  of 
micro-organism,  non-pathogenetic  as  well  as  pathogenetic.  It  is 
not  present  to  the  same  degree  in  all  specimens  of  serum,  even 
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when  quite  fresh,  nor  is  it  constantly  found  in  the  serum  of 
particular  species  of  animal ;  in  one  animal  it  may  be  present  to 
a  marked  extent,  and  in  another  animal  of  the  same  species  and 
apparently  similar  in  all  respects  it  may  be  quite  absent. 

(ii)  Specific  Properties. — Besides  the  possession  of  a  general 
bactericidal  action,  specific  properties  may,  by  suitable  means,  be 
imprinted  upon  the  blood-serum.  These  are  of  the  greatest 
diversity,  but  the  method  whereby  the  specific  properties  are 
impressed  upon  the  blood-serum  is  practically  the  same  in  all 
cases.  Speaking  generally,  it  may  be  said  that  if  a  substance  A 
is  introduced  into  the  blood  or  tissues  of  an  animal,  that  animal 
produces  another  substance  which  is  antagonistic  to  A,  and  which 
is  recognisable  in  its  blood-serum.  Thus,  if  bacteria  of  a  certain 
kind  are  injected  into  an  animal,  the  blood-serum  of  that  animal 
in  course  of  time  comes  to  possess  a  power  of  dissolving  that 
same  species  of  bacteria  (bacteriolysis).  So,  too,  if  a  toxin  is 
injected,  the  blood-serum  comes  to  possess  antitoxic  powers ;  if 
red  blood-corpuscles  from  one  species  of  animal  (Y)  are  introduced 
into  the  body  of  another  animal  of  a  different  species  (Z),  the 
serum  of  Z  comes  to  possess  the  po-wer  of  dissolving  Y's  corpuscles 
(htemolysis).  Similarly,  blood-serum  may  be  prepared  which  has 
leucolytic  or  tricholytic  or  spermotoxic  or  nephrotoxic  or  hepato- 
toxic  powers  by  treating  an  animal  with  leucocytes,  ciliated 
epithelium,  testicular,  renal,  liver  substance  respectively. 

It  has  further  been  found  that  it  is  not  only  possible  to  obtain 
sera  having  specific  '  cytolytic  '  powers  such  as  those  which  have 
just  been  mentioned,  but  it  is  also  possible  to  obtain  sera  capable 
of  producing  specific  reactions  with  varieties  of  albumin  (globulin) 
itself.  Thus,  if  a  rabbit  be  treated  by  four  or  five  subcutaneous 
injections  of  human  serum  or  other  albuminous  fluid,  the  rabbit's 
serum  becomes  possessed  of  a  substance  which  when  added  to  a 
diluted  human  albuminous  fluid  produces  a  precipitate.  Moreover, 
such  a  rabbit's  serum  produces  no  precipitate  when  added  to 
albuminous  fluids  derived  from  another  source  than  man,  so  that 
the  reaction  becomes  specific. 

Closely  allied  with  these  '  precipitins '  are  certain  substances 
known  as  '  anti-coagulins,'  which  inhibit  coagulation  of  fluids, 
and  the  whole  group  of  the  '  agglutinins,'  which  induce  agglutina- 
tion or  clumping  of  bacteria,  red  blood-corpuscles,  and  other 
bodies. 

The  method  whereby  these  various  anti-substances  are  produced 
consists  practically  always  in  the  repeated  inoculation  of  an  animal 
with  small  doses  of  the  substance  against  which  it  is  desired  to 
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obtain  the  anti-substance.  This  inoculation  is  generally  sub- 
cutaneous, but  it  may  be  intraperitoneal  or  intravenous,  or  incor- 
poration with  the  body  may  be  brought  about  in  other  ways,  e.g. 
feeding.  Frequently,  too,  by  the  same  process  more  than  one 
antibody  is  formed.  Thus,  after  repeated  inoculation  of  a  rabbit 
with  typhoid  bacilli,  the  rabbit's  blood-serum  obtains  not  only 
bacteriolytic  properties  but  also  agglutinating  properties.  In 
both  instances  these  properties  are  specific,  i.e.  bacteriolysis  or 
agglutination  is  only  manifested  against  typhoid  bacilli,  or  at  all 
events  affects  typhoid  bacilli  to  a  far  greater  extent  than  any  other 
variety.  So,  too,  after  inoculation  with  repeated  and  increasing 
doses  of  diphtheria  toxin  the  blood-serum  of  a  rabbit  or  other 
animal  manifests  not  only  a  specific  antitoxic  power  against 
diphtheria  toxin,  but  also  a  specific  antibacterial  power  against 
B.  diphtheria.  And  in  the  preparation  of  specific  hsemolysins 
specific  precipitins  are  also  liable  to  be  produced  at  the  same 
time. 

Besides  the  anti-substances  that  have  been  mentioned,  others 
have  been  described.  Thus  reference  has  already  been  made  to 
anti-pepsin  and  anti-trypsin,  and  it  will  be  necessary  to  mention 
later  anti-immune  body,  antialexin,  and  some  others.  But  it  must 
not  be  supposed  that  it  is  possible  to  produce,  after  the  fashion 
that  has  been  indicated,  an  antiserum  for  all  varieties  of  substance. 
Thus  no  anti-substance  has  ever  been  obtained  for  morphia, 
strychnia,  or  arsenic,  as  has  already  been  said,  and  there  is  no 
doubt  that  the  principle,  although  of  very  wide,  is  not  capable  of 
universal  application. 

The  discovery  of  the  existence  of  specific  substances  in  the 
blood-serum  of  specially  prepared  animals  was  the  outcome  of  an 
observation  by  Pfeiffer,  which  is  generally  known  as  '  Pfeiffer's 
phenomenon.'  Pfeiffer  found,  if  living  and  motile  cholera 
vi'brios  are  introduced  into  the  peritoneal  cavity  of  a  guinea-pig 
artificially  immunised  against  cholera,  that  the  vibrios  very 
rapidly  lose  their  motility,  adhere  to  one  another,  forming '  clumps,' 
become  granular,  and  in  the  course  of  a  short  time  disappear. 
He  also  found  that  similar  appearances  occur  under  corresponding 
conditions  when  typhoid  bacilli  and  an  animal  immunised  against 
typhoid  are  used.  Bordet  investigated  the  point  further,  and 
found  that  the  same  phenomenon  can  be  obtained  in  the  test- 
tube  if  specific  immunising  serum  is  added  to  a  broth  culture  of 
the  corresponding  micro-organism.  It  may  also  be  observed 
microscopically  in  the  hanging  drop.  But  m  vitro  the  phenomenon 
does  not  go  on  to  the  formation  of  granules  in  the  bacteria,  nor 
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to  their  disappearance.  On  the  contrary,  after  a  shorter  or  longer 
time  (usually  about  twenty-four  hours)  the  clumps  break  up,  the 
bacteria  resume  their  motility,  and  they  commence  to  multiply  as 
they  would  have  done  in  ordinary  bouillon.  Obviously,  then,  the 
typhoid  or  cholera  serum  produces  some  change  in  the  micro- 
organisms and  at  the  same  time  hinders  their  development,  but  it 
is  important  to  notice  that  the  serum  of  itself  does  not  destroy 
the  bacteria,  at  least  in  vitro.  Although  the  point  was  not  at 
first  fully  recognised,  it  is  now  clear  that  this  experiment  indi- 
cates the  existence  in  the  serum  of  two  distinct  substances,  one 
agglutinative  and  the  other  bacteriolytic. 

Certain  of  the  specific  reactions  of  blood-serum  must  now  be 
considered  in  more  detail. 

Antitoxic  and  Antibacterial  Substances. — Two  essentially 
different  methods  are  known  whereby  an  animal  may  be  im- 
munised against  a  given  micro-organism.  Either  the  inoculations 
may  be  made  with  the  micro-organism  itself,  or  the  filtered 
bouillon  in  which  cultivations  of  the  micro-organism  have  grown 
may  be  used.  According  to  the  method  employed,  a  difference 
shows  itself  in  the  serum  of  the  animal.  When  the  micro- 
organisms are  used — whether  in  a  living  or  a  dead  condition — the 
serum  gains  marked  antibacterial  (bacteriolytic)  powers;  but  it 
comes  to  possess  in  most  instances  little  or  no  power  of  neutral- 
ising the  toxic  substances  formed  by  the  micro-organisms  in 
question.  On  the  other  hand,  when  filtered  cultures  (toxins)  are 
used  for  immunising  purposes,  the  blood-serum  of  the  immunised 
animal  comes  to  possess  both  antitoxic  and  bacteriolytic  pro- 
perties. Although,  therefore,  the  bacteriolytic  and  the  antitoxic 
substances  present  in  an  artificially  prepared  immunising  serum 
are  generally  found  together,  there  is  no  doubt  that  they  are  not 
identical. 

In  the  production  of  the  various  specific  sera  used  in  the 
treatment  of  disease,  such  as  anti-diphtheritic  serum,  anti- 
streptococcus  serum,  anti-tetanic  serum,  anti-plague  serum,  anti- 
tuberculosis serum,  anti-venene  (snake-venom),  &c.,  similar 
principles  to  those  which  have  been  indicated  above  are  employed. 
In  such  an  instance  as  anti-venene  it  is  clear  that  bacteria  are 
entirely  out  of  the  question,  so  that  the  artificially  prepared  serum 
is  purely  antitoxic.  Similar  antitoxic  sera  have  been  prepared 
against  ricin,  the  active  principle  of  castor  oil,  and  abrin,  the 
active  principle  of  jequirity  seeds.  In  almost  all  other  cases  the 
serum  possesses  both  antitoxic  and  antibacterial  properties,  though 
in  any  individual  instance  either  the  antitoxic  or  the  antibacterial 
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property  may  predominate  to  a  considerable  extent.  It  is,  of 
course,  of  the  highest  importance  that  both  of  these  properties 
should  co-exist  in  any  given  curative  serum,  since  from  the  cura- 
tive point  of  view  it  is  necessary  to  be  able  to  attack  both  the 
bacteria  and  the  toxin  which  are  causing  the  disease.  From  a 
purely  prophylactic  point  of  view,  a  serum  possessed  of  bacterio- 
lytic properties  alone  is  theoretically  sufficient,  but  since  an  anti- 
toxic serum  also  possesses  bacteriolytic  properties  it  is  used  for 
both  protective  and  curative  purposes.  In  practice  anti- 
diphtheritic  and  other  sera  are  almost  universally  prepared  by 
injecting  the  animal  which  is  to  furnish  the  specific  serum  with 
both  bacteria  and  toxin. 

In  the  case  of  anti-diphtheritic  serum,  it  has  become  necessary 
to  determine  the  value  of  the  serum  obtained,  for  there  is  the 
greatest  variability  in  the  antitoxic  value  of  sera  obtained  from 
different  animals,  even  if  of  the  same  species  and  subjected  to 
identical  treatment.  The  method  of  standardising  now  generally 
adopted  is  that  introduced  by  Ehrlich.  It  is  obtained  in  the 
following  way :  First  of  all,  the  amount  of  toxin  is  determined 
which  kills  a  guinea-pig  weighing  250-300  gm.  with  certainty  in 
3-0  days  (T).  Then  the  amount  of  anti-diphtheritic  serum  is 
determined  which  exactly  neutralises  100  T  (I),  and  a  serum  of 
which  -01  cm.  neutralises  100  T  therefore  contains  100  I.  When 
the  exact  value  of  a  given  serum  has  been  determined,  it  is  care- 
fully dried  in  vacuo,  and  is  used  as  a  standard  against  which  all 
other  specimens  of  serum  are  tested.  One  unit  of  antitoxin  there- 
fore signifies  that  quantity  which,  when  mixed  with  100  lethal 
doses  of  diphtheria  toxin,  is  just  sufficient  to  completely  protect 
a  guinea-pig  of  250-300  gms.  against  the  action  of  the  diphtheria 
toxin.  It  is  clear  that  one  antitoxic  unit  may  be  present  in  very 
variable  quantities  of  serum,  and  that  the  higher  the  antitoxic 
value  of  the  serum  the  smaller  the  amount  of  serum  that  must  be 
injected  in  order  to  inject  a  single  unit  of  antitoxin.  When,  as 
m  diphtheria,  it  is  necessary  to  inject  two  or  more  thousand  units, 
it  IS  of  importance  to  lirait  the  actual  amount  of  sorum  introduced 
subcutaneously,  and  for  this  reason  the  antitoxic  value  of  the 
serum  is  raised  by  continuing  to  treat  the  animal  (horse)  until 
such  an  amount  is  contained  in  a  small  number  of  cubic  centi- 
metres of  serum. 

Agglutinins. — The  '  clumping '  action  which  was  recognised 
by  Pfeiffer  in  his  '  phenomenon '  closely  resembles  the  antitoxic 
and  antibacterial  properties  in  many  points.  In  some  degree  it 
IS  general  in  that  it  may  be  found  in  normal  sera,  but  in  the  main 
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it  is  specific.  It  has  been  particularly  investigated  in  the  case  of 
typhoid  fever  and  Malta  fever,  and  in  these  diseases  the  reaction 
is  of  the  highest  diagnostic  value.  In  the  case  of  typhoid  fever  it 
is  generally  known  as  'Widal's  reaction.'  Agglutinins  and 
agglutinating  action  are  known  in  the  case  of  many  other  micro- 
organisms besides  those  mentioned ;  but  in  most  of  them  speci- 
ficity is  so  poorly  marked  that  the  agglutinating  reaction  has  not 
become  of  equal  diagnostic  importance. 

If  a  small  quantity  of  the  serum  of  an  animal  that  has  been 
artifically  immunised  against  typhoid  baciUi  be  added  to  a  broth 

cultivation  or  to  a  suspension 
y-^ii.:: vj'  ;     in  salt  solution  of  an  agar 

culture  of  typhoid  bacilli,  a 
X.    marked  change  shows  itself 
:j     in  a  short  time.    At  first  the 
^ .    >  I     suspension  of  bacilli  is  opal- 

<     escent ;   but  soon  a  white 
-   V,  .  ^       deposit  is  precipitated,  and 
-       '       the  upper  part  of  the  column 
of  fluid  becomes  perfectly 
^     clear.    Microscopic  examina- 
'  '      ^     ^[    ■  \  tion  shows  that  the  deposit 

■  ^  -  J     consists  of  bacilH,  and  that 

Fig.  IO.-Agglutination  of  Typhoid  Bacilli.  nO  bacilh  are  present  m  the 
Control  Coverslip.    x  40.  clear  fluid.    Such  an  altera- 

This  figure  must  be  taken  in  conjunction  with  .  •          j             suspension  of 

figs.  11  and  12.    Fig.  10  is  a  coverslip  him  ^^f  i 

of  an  emulsion  of  an  agar  culture  of  B.  ty-  bacilh  doeS  not  take  place  HI 

pjios^cs  stained  with  methylene  blue.  With  absence  cf  the  serum,  or 

the  low  power  used  the  general  appearance  ^^^"^  . 

is  that  of  ground-glass  tinted  blue,  the  bacilU  (subject  to  Certain  COnSldera- 

being  evenly  distributed  over  the  field.        ^-^^^  mentioned  im- 

mediately) if  serum  derived  from  any  other  source  than  an  animal 
which  has  been  immunised  against  typhoid  is  employed. 

If,  instead  of  using  a  test-tube,  a  banging  drop  be  made,  the 
process  can  be  watched  under  the  microscope.  It  is  then  setn 
that  the  first  stage  usually  consists  in  a  loss  of  motiHty  of  the 
bacilli,  and  that,  originally  separate,  the  bacteria  come  to  cohere 
in  clumps,  with  but  few  free  and  motile  bacilli  between  the 
clumps.  The  loss  of  motility  is  apparently  not  an  essential  part 
of  the  agglutinating  process,  for  loss  of  motility  may  occur  when 
agglutination  is  but  poorly  marked,  and,  on  the  other  hand,  the 
bacilli  in  the  clumps,  even  when  clumping  is  very  evident,  may 
be  in  a  condition  of  active  vibratile  movement.  Nor  are  loss  of 
motiHty  and  agglutination  indications  that  the  bacilli  are  dying  or 
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dead,  for  after  the  lapse  of  some  hours  the  clumps  may  disinte- 
grate, and  it  is  possible  to  obtain  sub-cultures  from  the  deposited 
bacilli.  Nevertheless,  it  is  always  more  difficult  to  obtain  sub- 
cultures from  typhoid  bacilli  that  have  become  agglutinated  than 
from  those  which  have  not  been  so  modified. 

The  specificity  of  the  reaction  shows  itself  principally  in  the 
minuteness  of  the  quantity  of  the  serum  that  is  sufficient  to  bring 
about  agglutination.    If  equal  parts  of  a  serum  and  of  a  suspen- 
sion of  typhoid  bacilli 
are  mixed,  it  will  be 
found  that  in  a  very 
large  number    of  in- 
stances    agglutination  ^* 
takes  place  whatever  the 
source   of  the  serum. 
Moreover,  if  the  mix- 
ture be  left  for  hours 
it  will    frequently  be 
found  that   a  certain 
amount  of  agglutination 
is  present.    But  if  the 
serum  be  greatly  diluted, 

and  if  the  time  limit  be  A;^  fi,.J^ 

fixed  at  one  hour,  it  will  ^ 
be  found  that  typhoid 
bacilli  are  only  aggluti- 
nated by  serum  derived  To  a  portion  of  the  emulsion  used  for  preparing  the 

from  an  individual  in 
whom  typhoid  bacilli 
have  been  growing.  This 
is  the  basis  of  the 
chnical  use  of  Widal's 
reaction  as  a  diagnostic 
means  in  suspected  typhoid  fever.  Serum  from  the  suspected 
patient  is  mixed  in  varying  degrees  of  dilution  with  a  cultivation 
of  known  typhoid  bacilli,  and  the  time  limit  is  fixed  at  one  hour. 
If  agglutination  is  marked  within  that  time  in  a  dilution  of  one 
in  fifty  or  more,  the  reaction  is  said  to  be  present.  The  greater 
the  dilution  which  the  serum  will  stand  before  its  agglutinating 
powers  are  lost,  the  greater  the  probability  that  the  patient  in 
question  is  suffering  from  typhoid  fever.  In  the  case  of  an  arti- 
ficially prepared  serum,  agglutination  may  still  be  present  in  a 
1-2,000,000  diluticn  of  the  sermri.    In  the  case  of  human  patients 


Fig.  11. 


-Agglutination  of  Typhoid  Bacilli. 
X  40. 


coverslip  shown  in  fig.  10,  anti-typhoid  serum 
artificially  prepared  from  the  horse  was  added  to 
the  extent  of  1  part  of  serum  to  1,000  of  typhoid 
emulsion.  At  the  end  of  fifteen  minutes  the 
coverslip  from  which  the  drawing  was  made  was 
dried,  fixed,  and  stained  in  methylene  blue.  The 
'  clumps '  are  large,  and  there  are  no  bacilli  that 
are  not  agglutinated. 
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agglutination  in  a  1-100  dilution  of  the  serum  is  of  common; 
occurrence. 

It  may  just  be  mentioned  that  though  the  methods  whereby 
the  agglutinating  substance  in  typhoid  fever  (and  other  diseases) 
is  obtained  is  identical  with  that  by  means  of  which  the  true 
immunising  substances  are  produced,  the  various  substances 
themselves  are  not  identical.     It   does  not,  therefore,  follow 
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Fig.  12. — Agglutination  of  Typhoid  Bacilli,    x  40. 

A  specimen  prepared  in  the  same  way  as  those  used  for  figs.  10  and  11.  In 
this  case,  however,  the  anti-typhoid  serum  was  only  present  in  a  dilution 
of  1  part  in  10,000  of  typhoid  emulsion,  and  the  fihn  was  dried  at  the  end 
of  one  hour.  Clumps  are  visible,  and  some  of  them  are  of  considerable 
size,  but  for  the  most  part  they  are  small  and  ill-formed. 

In  a  positive  Widal  examination  of  the  blood  for  clinical  purposes  the 
appearances  with  a  1-50  or  a  1-100  dilution  of  the  serum  will  generally 
vary  somewhat  between  those  in  figs.  11  and  12.  In  a  completely 
negative  case  the  .ippearances  will  be  like  those  in  fig.  10,  even  with  a 
mixture  of  equal  parts  of  seruur  and  emulsion.  With  the  same  anti- 
typhoid serum  a  culture  of  B.  coli  communis  gave  an  agglutination 
similar  to  that  in  fig.  12  with  a  1-20  dilution  only ;  with  greater  dilutions 
agglutination  was  completely  wanting. 

because  agglutination  is  very  intense  in  a  given  case  that  anti- 
typhoid substances  are  also  present  in  large  quantity  {i.e.  that 
the  patient  is  likely  to  recover),  though  this  is  possibly  the  case. 
As  a  matter  of  fact,  however,  in  the  contrary  direction,  the  degree 
of  agglutinative  power  of  the  serum  is  often  of  great  prognostic 
significance.  In  a  case  of  what  is  clinically  typhoid  fever,  if  the 
agglutinating  reaction  is  consistently  poor,  it  is  probable  that  the 
disease  will  run  an  unusually  severe  com'se. 
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rrom  a  practical  point  of  view  the  specificity  of  agglutinating; 
action  has  its  limits.  In  the  case  of  many  varieties  of  bacteria, 
it  has  already  been  said  that  the  degree  of  dilution  which  the 
serum  will  bear  is  so  low  that  the  reaction  is  diagnostically  value- 
less. Even  in  the  case  of  typhoid  bacilli  there  are  difficulties. 
Thus  some  strains  of  B.  coli  communis  and  of  B.  enteritidis 
(Gaertner)  will  .agglutinate  in  as  high  dilutions  as  some  poorly 
agglutinable  strains  of  B.  typhosus.  Blood-serum,  too,  from  a 
person  suffering  from  jaundice  often  agglutinates  typhoid  bacilli 
in  high  dilutions.  Recognition  of  these  and  many  other  facts  is. 
necessary  if  its  true  value  is  to  be  ascribed  to  Widal's  reaction. 
If  they  be  properly  taken  into  account  there  is  no  doubt  that  the, 
diagnostic  value  of  the  reaction  is  very  great. 

The  length  of  time  during  which  the  serum  of  a  person  who 
has  suffered  from  typhoid  fever  maintains  its  agglutinating  power 
varies  considerably.  In  some  cases  agglutinating  power  is  lost 
almost  with  the  re-establishment  of  health,  and  only  in  a  small  pro- 
portion is  it  found  a  year  after  the  attack.  •  In  children  it  dis- 
appears still  earlier,  being  lost  in  about  six  weeks  as  a  rule  after 
recovery.  On  the  other  hand,  it  may  persist  for  as  many  as  thirty 
years  (Widenmann). 

It  has  been  pointed  out  that  serum  from  an  individual  whO' 
has  passed  through  an  attack  of  typhoid  fever  or  from  an  animal 
artificially  immunised  against  typhoid  does  not  necessarily  agglu- 
tinate only  B.  typJiosus.  Conversely  B.  typhosus  is  not  only 
agglutinable  by  serum  from  an  individual  immunised  against 
t}'phoid.  Quite  apart  from  the  fact  that  the  agglutinating 
substances  may  be  found  in  milk,  typhoid  bacilli  are  agglutinated 
by  many  normal  sera,  by  solutions  of  certain  dyes,  enzymes,  acids,, 
and  some  other  substances.  With  regard  to  the  secretions  gene- 
rally, Staiibli  failed  to  find  agglutinating  substances  in  the  urine,, 
bile,  saliva,  or  tears  of  guinea-pigs  that  had  been  .  immunised 
against  B.  typhosus,  though  they  were  plentiful  in  milk,  and,  of 
course,  in  the  blood-serum. 

For  the  occurrence  of  agglutination  it  is  not  necessary  that  the- 
bacilli  should  be  living,  as  the  reaction  shows  itself  almost  as  well 
with  dead  bacilli.  So,  too,  motility  is  not  a  necessary  factor,  since- 
agglutination  of  B.  diphtherice,  Str.  pyogenes,  and  many  other  non- 
motile  bacteria  can  readily  be  produced. 

Agglutination  of  bacteria  is  very  closely  allied  with  rouleaux- 
formation  in  the  case  of  red  blood-corpuscles.  In  this  connection 
mention  may  be  made  of  the  fact  discovered  by  Lo  Monaco  and. 
Panichi  that  the  serum  of  malaria  patients  causes  agglutination  of. 
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the  corpuscles  of  normal  human  blood  and  of  blood  of  several 
species  of  lower  animals  including  the  guinea-pig.  Moreover,  the 
serum  of  one  malarial  patient  agglutinates  the  red  blood-corpuscles 
•of  another  malarial  patient  whatever  the  type  of  parasite  con- 
cerned. This  agglutinating  power  rapidly  disappears  on  adminis- 
tration of  quinine.  As  will  be  seen  later,  agglutination  of  red 
blood-corpuscles  may  or  may  not  precede  haemolysis.  Laveran 
and  Mesnil  have  shown  that  both  living  and  dead  trypanosomata 
of  the  rat  may  be  made  to  agglutinate.-  Under  these  circum- 
stances starlike  bodies  are  formed,  the  flagellate  ends  of  the 
parasites  being  situated  at  the  centre  of  the  star.  When 
they  are  agglutinated,  living  trypanosomata  remain  mobile,  and 
the  groups  may  break  up  :  a  clump  of  dead  trypanosomata  never 
breaks  up. 

Hcemolysins. — By  the  term  haemolysis  is  miderstood  a  modifica- 
tion of  the  red  blood-corpuscles,  owing  to  which  the  haemoglobin 
is  no  longer  retained  within  the  meshes  of  the  stroma.    It  has 
long  been  known  that  '  laking  '  of  blood  can  be  brought  about  by 
numerous  chemical  and  physical  means   such  as  addition  of 
glycerine  or  even  of  water  to  blood  ;  but  this  type  of  change  is 
not  understood  at  the  present  day  under  the  name  of  haemolysis. 
For,  firstly,  in   haemolysis   the   red  blood-corpuscles  become 
actually  dissolved,  and  in  the  majority  of  instances  not  even  the 
stroma  is  recognisable,  whereas  in  many  examples  of  laking  the 
colourless  stromata  of  red  blood-corpuscles  may  be  recognised 
with  ease.    And,  secondly,  haemolysis  is  produced  either  by  the 
products  of  bacterial  growth  (bacterial  haemolysins),  or  by  the 
action  of  the  normal  serum  of  certain  animals,  or  as  the  result  of 
an  immunising  process  carried  out  in  the  living  animal  body.  In 
the  majority  of  cases  by  the  term  '  hsemolysin '  is  understood  a 
substance  present  in  the  serum  of  an  animal  as  the  result  of  four 
or  five  injections  of  red  blood-corpuscles  of  a  special  variety  of 
animal.    Nevertheless  a  '  natural '  hsemolysin  may  be  present  in 
the  serum  of  an  animal  that  has  not  undergone  special  treatment. 
Hence  a  hsemolysin  is  analogous  to  an  antitoxin,  bacteriolysm, 
agglutinin,  &c.,  and  it  is  because  of  this  analogy  and  the  readiness 
with  which  corpuscular  changes  can  be  recognised  that  study  of 
the  haemolysins  is  so  important  in  connection  with  questions  of 
immunity.  , 
But  it  is  certain  that  haemolysis  occurs  in  some  forms  of 
disease.    Under  these  circumstances  the  haemolysis  is  generally 
bacterial,  and  there  is  little  doubt  that  the  anaemia  and  earthy 
colour  present  in  many  of  the  acute  fevers,  and  the  blood-stained 
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appeamnce  of  the  endothelial  lining  of  the  heart  and  blood-vessels 
in  septicaemia,  are  dependent  upon  definite  haemolysis.  Hsemo- 
lysins  are  known  to  be  formed  by  B.  pijoctjaneus,  B.  diphtherice, 
Staphylococcus  pyogenes  aureus,  and  by  a  variety  of  other  micro- 
organisms, though  not  by  all. 

As  a  general  rule  htemolysis  does  not  occur,  and  haemolytic 
properties  are  not  conferred  upon  the  blood-serum  when  an 
animal  is  repeatedly  injected  with  blood-corpuscles  of  another 
animal  of  the  same  species.  Nevertheless  in  a  certain  proportion 
of  cases  such  '  iso-hsemolysins  '  are  produced,  though  always  with 
much  greater  difficulty.  Auto-haemolysins,  in  which  the  blood- 
serum  of  the  animal  dissolves  its  own  red  blood-corpuscles,  are  of 
very  rare  occurrence,  but  nevertheless  certain  cases  have  been 
described  in  human  disease  in  which  auto-hsemolysis  seems  to 
have  occurred.  It  is  quite  possible  that  a  process  similar  to  auto- 
hsemolysis,  but  involving  other  cells  than  red  blood-corpuscles, 
and  therefore  to  be  included  under  a  general  name  of  '  autolysis,' 
may  be  the  real  explanation  of  a  number  of  pathological  pro- 
cesses that  are  at  present  very  obscure. 

Precipitins. — By  a  method  identical  with  that  adopted  in  the 
preparation  of  the  other  specific  substances  in  blood-serum,  it  has 
been  found  that  a  blood-serum  may  gain  the  property  of  producing 
a  special  precipitate  with  the  albuminous  substance  which  was 
used  for  preparing  the  animal.    Thus  if  a  rabbit  be  prepared  by 
repeated  subcutaneous  injections  of  human  blo9d,its  blood-serum 
obtains  the  property  of  producing  a  precipitate  when  mixed  with 
a  watery  solution  of  human  blood.    Similar  specific  properties 
are  produced  if  other  blood  than  human  is  used  for  the  injections, 
but  then  the  reaction  is  only  manifested  towards  the  blood  of  that 
species  of  animal  which  was  used  to  obtain  blood  for  the  injec- 
tions.    Thus  the  rabbit  may  be  '  immunised '  against  human 
blood  or  sheep's  blood  or  ox  blood  or  goat's  blood,  and  when 
prepared  its  serum  will  produce  a  precipitate  only  with  human, 
sheep,  ox,  or  goat  blood  respectively.    The  specificity  of  this 
reaction  is  so  great  that  it,  or  a  slight  modification,  has  been 
introduced  independently  by  Deutsch,  Uhlenhuth,  Wassermann, 
and  Schiitze  into  forensic  medicine  as  a  means  of  diagnosing  the 
source  of  blood  stains.     The  specificity  is  almost  absolute  in 
differentiating  between  species  of  animals,  but  there  is  a  certain 
degree  of  overlapping  in  the  case  of  nearly  allied  species.  Thus 
the  blood-serum  of  a  rabbit  immunised  against  human  blood  will 
yield  a  slight  reaction  when  tested  against  the  blood  of  the  higher 
apes.    By  a  sufficient  dilution  of  the  serum,  however,  even  this 
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source  of  fallacy  may  bs  eliminated,  just  as  a  sufficient  dilution 
of  the  specific  serum  when  testing  agglutination  will  differentiate 
between  species  of  bacteria  so  nearly  allied  as  B.  typhosus,  B.  coli^ 
and  B.  enteritidis  (Gaertner) . 

Another  object  to  which  the  precipitation  reaction  has  been 
directed  recently  is  the  differentiation  of  flesh  from  different 
sources,  e.g.  beef  from  horse-flesh  in  sausages. 

The  other  varieties  of  cytotoxin  which  have  been  mentioned 
are  still  of  theoretical  rather  than  of  practical  interest,  and  need 
not  detain  us  here. 

The  theory  of  the  entire  subject  of  specific  anti-substances  in 
blood-serum  will  be  considered  when  discussing  Ehrlich's  '  side- 
chain  '  theory  of  immunity.  It  need  here  only  be  added  that  it 
has  been  found  possible  to  produce  certain  anti-anti- substances  by 
a  method  similar  to  that  followed  in  the  production  of  anti- 
substances.  These  anti-anti-substances  are  not  formed  in  all 
cases.  Thus  no  antagonistic  substance  is  formed  to  diphtheria, 
antitoxin  or  to  typhoid  agglutinin  or  to  the  other  specific  sub- 
stances in  anti-typhoid' serum. 

On  the  other  hand,  anti-hsemolysin,  anti-spermotoxin,  and  a. 
few  others  have  been  prepared.  In  the  case  of  the  hsemolysins. 
two  distinct  anti-substances  can  be  formed,  which  are  known 
respectively  as  anti-immune-body  and  antialexin.  These  two 
bodies  are  of  great  importance  with  regard  to  the  theory  of  the 
action  of  anti-bodies  generally. 

It  is  clear  that  this  possible  formation  of  anti-anti-substances 
raises  questions  of  the  utmost  practical  importance  from  a  thera- 
peutic point  of  view.  If  it  is  possible  that  a  given  antitoxin  can 
produce  its  own  antagonising  substance,  it  is  obvious  that  there  is 
a  danger  when  administering  an  antitoxin  that  we  may  overshoot 
the  mark  and  produce  a  positive  increased  sasceptibility  to  the 
action  of  the  toxin  against  which  we  wish  to  protect  the  animal. 
On  this  subject  little  is  known,  but  it  has  been  pointed  out  by 
Loeffier  and  Abel  that  an.  overdose  of  the  immune  serum  of 
B.  coli  communis  is  as  incapable  of  protecting  an  animal  against 
infection  as  is  an  insufficient  dose.  Pfeiffer  also  found  that, 
medium  doses  of  immune  serum  against  cholera  are  the  most 
effective,  and  Leclainche  and  Morel  found  the  same  for  the  serum 
against  malignant  oedema. 

VI.  Theories  of  Immunity.— It  will  be  convenient  to  consider 
the  principal  theories  of  immunity  somewhat  historically.  In 
most  instances  the  explanations  only  have  reference  to  the  ac- 
quired variety  of  immunity,  but  Ehrlich's  theory,  and  to  a  less. 
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■degree  that  of  Metchnikoff,  include  the  question  of  natural 
immunity.  Ehrlich's  theory,  indeed,  it  will  be  seen,  is  of  a 
thoroughly  comprehensive  nature. 

(i)  The  Exhaustion  Theory. — Long  before  the  connection 
between  bacteria  and  infective  disease  had  been  fully  recognised, 
the  immunity  which  is  commonly  seen  after  an  attack  of  measles, 
scarlatina,  or  mumps  was  regarded  as  dependent  upon  the  complete 
■consumption  of  a  '  pabulum  '  by  the  '  materies  morbi.'  When  it 
was  found  that  artificial  cultivations  of  micro-organisms  whose 
growth  has  come  to  an  end  may  again  take  on  growth  after  the 
further  addition  of  some  one  constituent  {e.g.  peptone),  which  had 
lessened  during  the  previous  growth,  the  exhaustion  theory  of 
acquired  immunity  was  held  as  strengthened.  But  not  only  was 
there  the  objection  that,  on  this  view,  a  separate  '  pabulum  ' 
would  be  necessary  for  the  occurrence  of  each  infective  disease, 
there  was  the  further  objection  that,  though  second  attacks  of 
infective  diseases  such  as  measles  or  scarlatina  are  rare,  they  are 
by  no  means  unknown.  In  these  exceptional  cases  an  additional 
hypothesis  was  necessary  to  explain  the  re-formation  of  '  pabulum.' 
The  theory  was  finally  discarded  when  the  possibility  of  artificial 
immunisation  by  gradual  injection  of  toxic  products — apart  from 
micro-organisms — was  demonstrated  by  Salmon  and  Smith,  for 
consumption  of  pabulum  by  dead  chemical  substances  was  in- 
conceivable. 

(ii)  The  Retention  Theory.— Pasteur  had  found  that  the 
cessation  of  growth  in  a  cultivation  of  Saccharomyces  cerevisicB  is 
to  be  correlated  with  accumulation  in  the  culture  of  the  alcohol 
formed  by  the  micro-organisms  as  the  result  of  their  life  history. 
Guided  by  this  fact  Chauveau  and  others  suggested  that  acquired 
immunity  is  due  to  storage  in  the  body  of  bacterial  products 
which  prevent  further  growth  of  that  variety  of  bacterium  which 
produced  them,  though  they  may  not  prevent  the  growth  of  other 
bacteria.  An  important  objection  to  this  theory  lies  in  the  fact 
that  acquired  immunity  is  often  of  long  duration,  whereas  the 
bacterial  toxins,  upon  the  accumulation  of  which  in  the  system 
the  acquired  immunity  is  supposed  to  depend,  are  not  retained  for 
an  indefinite  length  of  time  in  the  body  but  are  gradually  excreted, 
•and  in  many  instances  can  readily  be  detected  in  the  urine. 
Though  the  retention  theory  of  immunity  is  no  longer  held — at 
•ull  events  in  this  crude  form — it  is  certainly  nearer  the  truth  than 
the  exhaustion  theory. 

(iii)  The  Phagrocytic  Theory.— This  theory  is  bound  up  with 
the  name  of  Metchnikoff,  and  was  gradually  evolved  by  him  from 
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his  researches  upon  inflammation.  Metchnikoff 's  special  training 
9,s  a  zoologist  has  influenced  his  whole  conception  of  the  processes 
of  inflammation  and  immunity.  Finding  the  phenomenon  of 
phagocytosis  in  the  highest  as  in  the.  lowest  members  of  the 
animal  kingdom,  and  finding  that  the  means  whereby  a  lowly 
organism  defends  itself  against  an  irritant — physical  or  bacterial- 
consists  essentially  in  phagocytosis,  he  has  argued  that  the  phago- 
cytosis seen  in  higher  animsils  when  subjected  to  the  action  of  an  • 
irritant  is  equally  a  means  of  defence.  So  that,  according  to 
Metchnikoff,  immunity  to  a  disease  implies  that  the  phagocytes 
of  the  infected  animal  are  able  to  conquer  the  invading  bacteria, 
susceptibility  to  a  disease  implies  that  the  invading  bacteria  are 
able  to  conquer  the  phagocytes. 

But  the  phagocytic  theory  now  held  by  Metchnikoff  differs 
considerably  from  the  phagocytic  theory  which  he  first  pro- 
pounded, and  according  to  which  there  was  a  veritable  combat 
between  leucocytes  and  bacteria.  For  attack  directed  from  the 
German  schools  and  advancing  knowledge  have  obliged  Metchni- 
koff to  assume  that  under  certain  circumstances  the  phagocytes 
become  dissolved  (phagolysis)  in  the  body  fluids,  and  lend  to  them 
chemical  properties  previously  residing  in  the  phagocytes  alone. 
Nevertheless,  he  still  maintains  that  the  phagocytes,  chiefly  by 
phagocytosis,  but  partly  by  phagolysis,  are  responsible  for  im- 
munity, natural  and  acquired. 

Some  of  the  chief  objections  that  have  been  brought  forward 
against  the  phagocytic  theory  are  as  follows. 

(a)  When  a  micro-organism  is  found  within  a  cell,  it  is  not 
proof  that  phagocytosis  has  occurred,  for  the  appearances  are 
equally  explicable  upon  the  assumption  that  the  micro-organism 
has  invaded  the  cell.  In  particular,  in  leprosy  the  bacilli  are 
always  found  within  cells,  and  the  same  is  true  of  the  gonococcus. 

(b)  Phagocytosis  bears  no  necessary  relation  to  the  course 
taken  by  an  infection  or  to  the  immunity.  It  is  often  ver)' 
evident  when  the  immunity  is  so  sHght  that  infection  leads  to 
death  of  the  animal ;  this  may  readily  be  seen  in  the  case  of 
subcutaneous  inoculation  of  the  guinea-pig  with  diphtheria,  and 

clinically  in  pyaemia. 

(c)  Phagocytosis  is  least  evident  when  the  micro-organism  is 
most  virulent,  and  when,  therefore,  the  need  of  defence  is 
greatest,  and  on  the  other  hand  phagocytic  cells  are  usually 
most  numerous  and  englobation  of  micro-organisms  most 
common  when  the  micro-organisms  are  of  low  virulence,  and 
especially  when  large  numbers  of  the  bacteria  are  dead.  The 
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opponents  of  Metchnikoff,  therefore,  maintain  that  phagocytosis 
only  occurs  when  the  bacteria  are  dead  or  dying ;  the  phagocytes- 
ai'e' scavengers,' not 'defenders.' 

To  this  criticism  Metchnikoff  repHed  that  phagocytes  can 
englobe  living  and  fully  virulent  anthrax  baciUi.  He  isolated  in 
a  hanging  drop  a  single  phagocyte  containing  within  it  a  filament 
from  a  culture  of  anthrax,  the  virulence  of  which  had  been  deter- 
mined. This  hanging  drop  he  watched  microscopically  on  the 
warm  stage,  and  observed  the  filament  of  anthrax  grow  within 
the  phagocyte,  pass  beyond  its  confines,  and  multiply  within 
the  hanging  drop.  Tested  on  an  animal,  this  drop  cultivation  of 
anthrax  was  equal  in  virulence  to  the  original  culture.  Though 
this  experiment  proves  that  a  micro-organism  may  still  be  living 
when  within  a  phagocyte,  it  proves  nothing  with  regard  to  viru- 
lence. For  it  is  known  that  unless  a  micro-organism  (and 
especially  B.  anthracis)  has  been  artificially  attenuated  through- 
out many  generations,  it  readily  regains  its  former  virulence.. 
Hence  the  phagocyte  may  have  englobed  a  feeble  bacillus,  but 
yet  that  bacillus  may  have  produced  fully  virulent  descendants. 
The  absence  of  phagocytosis  when  the  invading  micro-organism 
ig  highly  virulent,  Metchnikoff  explained  by  the  occurrence  of 
negative  chemiotaxis,  and  correlated  the  absence  of  phagocytosis 
with  the  absence  of  resistance  to  the  infection. 

{d)  Destruction  of  bacteria  occurs  in  fluids  (such  as  blood- 
serum)  from  which  phagocytes  are  completely  absent.  Around 
this  question  of  extra-cellular  destruction  of  bacteria  controversy 
has  been  very  keen,  for  it  is  obvious  that  with  it  the  phagocytic 
theory— in  its  original  form,  at  least— either  stands  or  falls. 
Liakhovetsky  showed  that,  when  the  cornese  of  dogs  are  inocu- 
lated with  anthrax  bacilli,  the  microbes  are  invariably  destroyed 
without  any  share  being  taken  in  the  process  by  the  leucocytes 
as  phagocytes.  In  rabbits,  also,  this  is  true  in  a  large  number 
of  cases,  and  especially  in  rabbits  that  have  previously  been 
treated  with  increasing  doses  of  bacilli,  with  the  object  of  obtain- 
ing a  high  degree  of  immunity.  Liakhovetsky's  results  agree 
closely  with  those  of  Leber  on  infection  of  the  eye  with  strepto- 
cocci, and  those  of  Pfeiffer  on  intra-peritoneal  inoculation  of 
typhoid  and  cholera  micro-organisms  in  guinea-pigs  artificially 
immunised  against  these  diseases. 

Metchnikoff  was  bound  to  acknowledge  the  existence  of  this 
e.xtra-cellular  destruction  of  bacteria ;  nevertheless  he  still  sought 
to  associate  the  fact  with  the  presence  of  leucocytes.  He  as- 
sumed that  the  activity  of  the   cell-free  fluids  depends  upon 
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'  phagolysis '  or  solution  of  phagocytes  in  the  fluid.  He  argued 
-thatj^since  intra-cellular  destruction  or  digestion  of  bacteria  by 
phagocytes  must  depend  upon  the  presence  within  the  cell  of 
-chemical  digestive  substances,  it  is  readily  intelligible  that  when 
the  phagocytes  are  dissolved,  the  chemical  digestive  substances 
are  set  free,  and  can  induce  extra-cellular  destruction  of  bacteria 
present  in  the  fluid.  He  adverts  to  Bordet's  work,  which  shows 
that  the  fluid  of  passive  oedema  (from  which  leucocytes  have 
practically  always  been  absent)  and  aqueous  humour  (which  is 
entirely  cell-free),  obtained  from  a  guinea-pig  artificially  im- 
munised to  cholera,  are  markedly  less  bactericidal  than  the 
blood-serum  of  the  same  animal.  So  also  Bordet  showed  that  if 
hypo-leucocytosis  be  induced  by  intra- vascular  injection  of  finely 
divided  carmine,  the  blood-serum  of  an  immunised  animal  is 
markedly  less  bactericidal  than  it  was  before  hypo-leucocytosis 
was  induced.  These  observations,  Metchnikoff  believes,  justify 
him  in  maintaining  that  immunity  ultimately  depends  upon  the 
leucocytes,  whether  those  leucocytes  act  by  way  of  intra-cellular 
•destruction  (phagocytosis)  or  extra-cellular  destruction  (phago- 
lysis)- ,     •     •     XI  t 

(e)  Even  if  it  be  granted  that  phagocytosis  is  the  means  of 
defence  for  lowly  organisms,  it  does  not  follow  that  this  is  true 
for  higher  animals.  This  criticism  has  gained  in  weight  since 
the  wandering  cells  in  different  animals  have  been  more  care- 
fully studied.  For  a  greater  variety  of  wandering  cell  is  found 
in  hi-her  members  of  the  animal  kingdom,  and  though  in  lower 
•animals  several  different  functions  may  be  carried  out  by  one 
kind  of  cell,  it  is  possible  that  in  higher  ammals  there  is  sub- 
division of  labour.  If  that  be  so,  phagocytosis  would  not 
necessarily  have  the  same  significance  in  both  classes,  and  in 
particular  defence  and  phagocytosis  might  have  .^^o^hing  to  do 
with  one  another.  Certain  authors  have  considered  that  m 
those  animals  which  possess  wandering  cells  with  oxyphil 
■eranules,  these  cells  are  especially  concerned  with  defence,  the 
granules  being  secreted  by  the  wandering  cells,  and  consisting 
•of  a  substance  injurious  to  bacteria.  This  view  derives  some 
■support  from  the  fact  that  in  such  animals  either  finely  o 
•coarsely  granular  oxyphil  cells  are  almost  invariably  the  hist 
to  arrive  at  the  seat  of  invasion  by  a  micro-organism. 

(f)  Since  the  symptoms  of  an  infective  disease  are  essentially 
due  to  the  effects  produced  by  the  action  of  a  toxin,  it   o  low 
that  no  theory  which  does  not  explain  the  neutrahsation  o  to^n 
produced  by  a  pathogenetic   micro-organism,  as  well  as 
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actual  destruction  of  the  bacteria  themselves,  can  be  satisfactory. 
Especially  is  this  the  case  now  that  it  is  known  that  an  acquired 
immunity  can  be  produced  by  injection  of  increasing  doses  of 
toxins  alone.^  Metchnikoff  endeavoured  to  meet  this  objection 
by  assuming  that  the  gradually  increasing  doses  of  toxin  used  in 
such  a  method  of  "immunisation  gradually  '  educate  '  the  leuco- 
cytes. Hence  in  time,  and  by  a  survival  of  the  fittest,  a  race  of 
leucocytes  is  produced  which  is  capable  of  withstanding  the 
toxin  produced  even  by  virulent  and  living  bacilli — leucocytes, 
therefore,  in  which  the  strong  toxin  does  not  lead  to  negative 
chemiotaxis  as  it  would  have  done  had  they  been  untrained. 
Since,  however,  this  explanation  only  amounts  to  asserting  that 
the  leucocytes  have  acquired  immunity,  it  can  hardly  be  regarded 
as  an  answer  to  the  objection.  J 
In  accordance  with  facts  that  have  more  recently  been  dis- 
covered (particularly  by  French  workers  in  connection  with 
hjemolysis),  Metchnikoff  now  holds  that  two  distinct  factors  are 
necessary  in  the  production  of  immunity.  Concerning  these  two 
factors  more  will  have  to  be  said  later,  but  it  may  be  mentioned 
here  that  they  differ  in  their  relation  to  heat.  The  one  body  is 
thermostable,  resisting  a  temperature  of  100°  C. ;  the  other  is 
thermolabile,  being  destroyed  by  a  temperature  of  about  58°  C.  in 
half  an  hour.  The  thermostable  body,  which  is  the  specific 
immune  body,  Metchnikoff  regards  as  circulating  in  the  blood- 
plasma  ;  the  thermolabile  body,  which  is  non-specific,  and  is 
found  in  normal  blood-serum,  he  maintains  is  confined  within  the 
leucocytes  in  the  normal  circulating  blood-plasma,  and  only 
escapes  from  them  during  extra-vascular  phagolysis  or  during 
coagulation,  i.e.  in  the  changes  between  blood -plasma  and  blood- 
serum.  Thus  Metchnikoff  has  receded  far  from  his  extreme  position, 
but  he  maintains  firmly  that  the  leucocytes  take  a  share  in  the 
process.  This  he  holds  is  shown  by  the  facts  (1)  that  Pfeiffer's 
phenomenon  does  not  occur  in  the  subcutaneous  tissue  or  in 
cedema  fluid  or  in  aqueous  humour,  i.e.  in  regions  from  which 
'leucocytes  are  absent ;  (2)  that  it  does  not  occur  in  the  peritoneal 
cavity  if  by  previous  treatment  with  bouillon,  salt  solution  &C. 
the  phagocytes  are  protected  against  phagolysis ;  and  (3),  crucially, 
that  in  a  collection  of  leucocytes  such  as  can  be  experimentally 
produced  in  the  pleural  cavity,  when  the  leucocytes  are  broken  up, 
more  of  the  thermolabile  substance  is  present  than  in  the  blood- 
serum  of  the  animal.    In  spite  of  the  fact  that  even  these  three 

'  Metchnikoff  formulated  the  phagocytic  theory  before  this  discovery  was  made  by 
Salmon  and  Smith. 

B  B 
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observations  have  met  with  strenuous  criticism,  particularly  at 
the  hands  of  Ascher,  to  the  unbiassed  mind  the  very  definite 
phenomena  of  phagocytosis  hardly  leave  any  doubt  that  the 
leucocytes  i^lay  a  very  prominent  part  in  the  struggle  of  the  body 
against  invading  micro-organisms.  There  is  certainly  no  reason 
to  hinder  our  believing  that  phagocytosis  gives  the  coup  de  grace 
when  the  antibacterial  and  antitoxic  substances  have  weakened 
invading  bacteria  by  altering  their  bodies  and  by  depriving  them 
of  their  great  weapon,  the  toxin. 

(iv)  The  Humoral  Theory. — When  it  was  found  by  Fodor, 
and  had  been  confirmed  by  Nuttall,  Buchner,  and  other  observers, 
that  bactericidal  properties  reside  in  many  fresh  specimens  of 
blood -serum,  and  when  Buchner  and  Hankin  isolated  their  so- 
called  '  alexins,'  it  was  thought  that  immunity,  natural  and 
acquired,  might  depend  upon  the  presence  of  these  substances  in 
the  blood.    But  this  was  soon  found  not  to  be  the  case — 

1.  Because  in  a  large  majority  of  cases  the  serum  of  an  animal 
naturally  immune  to  a  particular  infection  does  not  possess  any 
special  bactericidal  value  against  the  micro-organism  causing 
that  disease.  Thus  the  frog  is  naturally  immune  to  anthrax  and 
the  hen  to  tetanus,  but  the  normal  blood-sera  of  these  animals 
show  only  feeble  bactericidal  power  against  the  corresponding 
micro-organism. 

2.  Because  a  powerfully  immunising  serum  may,  outside  the 
body,  be  a  highly  favourable  culture-medium  for  the  same  micro- 
organism which,  by  its  aid,  is  readily  destroyed  in  the  body. 
Thus  diphtheria  bacilli  grow  readily  on  serum  obtained  from  an 
animal  artificially  immunised  against  diphtheria  by  injection  of 
increasing  doses  of  diphtheria  toxin. 

3.  Because  the  serum  of  an  animal  naturally  immune  to  a 
particular  disease  does  not  confer  passive  immunity  when  injected 
into  a  susceptible  animal. 

4.  Because  without  any  alteration  (or  with  but  slight  altera- 
tion) of  bactericidal  properties,  as  evidenced  in  vitro,  the  serum 
of  an  animal  naturally  immune  to  a  particular  infection  may  be 
caused  to  acquire  properties  which  enable  it  to  confer  passive 
immunity  when  injected  into  a  susceptible  animal. 

The  last  two  statements  are  supported  by  the  following 
experimental  data.  F.  Klemperer  found  that  the  serum  of  rabbits 
which  are  naturally  immune  to  B.  murisepticus  and  B.pneimoma} 
(Friedlander)  does  not  protect  susceptible  animals,  but  that  it 
may  be  rendered  protective  against  the  corresponding  disease  i 
the  rabbit  be  subjected  to  increasing  doses  of  either  of  these 
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bacilli  previous  to  the  removal  of  its  blood.  Vaillard  showed  that 
though  the  serum  of  the  hen,  which  is  naturally  immune  to 
tetanus,  cannot  confer  passive  immunity  to  tetanus  when  injected 
into  animals  susceptible  to  that  disease,  it  becomes  capable  of 
doing  so  if  the  hen  has  been  previously  injected  with  increasing 
(and  enormous)  doses  of  tetano-toxin. 

It  was  obvious,  therefore,  that  a  purely  humoral  theory  of  this 
description  is  insufficient,  that  natural  immunity  cannot  be 
explained  by  the  presence  of  '  alexins  '  in  the  blood,  nor  acquired 
immunity  by  an  increase  in  the  amount  of  those  '  alexins.' 

(v)  The  Cellulo-humoral  Theopy.— In  contradistinction  to  the 
extreme  theories  of  the  French  or  phagocytic  school  and  the 
German  or  humoral  school,  there  was  gradually  established  an 
ill-defined  theory  which  may  be  termed  '  cellulo-humoral,'  and 
which  held  a.n  intermediate  position.  This  theory  in  one  or 
other  form  is  now  generally  held,  and  there  can  be  little 
doubt  that  both  cells  and  fluids  of  the  body  are  responsible  for 
natural  as  well  as  artificial  immunity.  The  side-chain  theoi-y  of 
Ehrhch,  to  which  reference  will  be  made  later,  indeed,  funda- 
mentally depends  upon  the  action  of  cells  and  fluids.  According 
to  the  earhest  form  of  the  cellulo-humoral  theory,  immunity  was 
due  to  substances  present  in  the  blood  of  the  immunised  animal 
and  recognisable  in  the  blood-serum,  but  not  present  there  alone, 
since  they  existed  in  all  the  tissues  and  juices.  These  substances 
were  considered  as  being  formed  by  the  cells  of  the  body  during 
exposure,  and  for  a  longer  or  shorter  period  after  cessation  of 
exposure,  of  those  cells  to  the  stimulus  of  the  specific  micro- 
organism or  its  toxin ;  they  were  not  formed  by  one  specific 
variety  of  cell,  whether  phagocyte  (Metchnikoff)  or  oxyphil  cell 
(Buchner,  Hankin),  but  in  greater  or  less  degree  all  varieties  of 
cells  combined  to  produce  them.  The  protective  substances 
being  present  in  the  fluids  of  the  body,  they  acted  upon  the 
bacteria  and  their  toxins  in  the  fluids  of  the  body,  i.e.  the  pro- 
cesses of  acquired  (and  passive)  immunity  were  essentially  extra- 
cellular. Hence,  though  acquired  immunity  ultimately  depended 
upon  the  functional  activity  of  cells,  these  cells  did  not  act  as 
phagocytes  (this  being  quite  an  unimportant  phenomenon  so  far 
fts  immunity  is  concerned),  but  rather  as  secreting  organs,  which, 
according  as  they  had  been'  stimulated  by  bacteria,  produced 
specific  antibacterial  substances,  or  as  they  had  been  stimulated 
by  toxins,  produced  specific  antitoxic  (and  antibacterial)  substances. 

The  cellulo-humoral  theory  accorded  well  with  certain  observed 
facts.    It  explained  acquired  immunity  both  to  toxins  and  to 
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bacteria,  however  that  hnmunity  was  produced  :  to  toxins,  because- 
it  had  been  found  that  the  amount  of  antitoxic  substance  pro- 
duced (the  antitoxic  value  of  the  serum)  varies  within  rough 
limits  directly  as  the  amount  of  toxin  used  for  the  production  of 
the  immunity  (Roux) ;  to  bacteria,  partly  because  it  had  been 
found  that  in  the  animal  body  antitoxic  substances  are  associated 
with  destruction  of  the  bacteria  for  which  they  are  specific, 
partly  because,  if  the  acquired  immunity  be  produced  by  the  aid 
of  bacteria,  it  had  been  found  that  specific  antibacterial  sub- 
stances are  present  in  the  serum  of  the  immunised  animal.  It 
explained  in  the  simplest  way  those  cases  in  which  destruction 
of  bacteria  takes  place  in  the  animal  body  without  the  obvious 
intervention  of  leucocytes,  and  those  cases  in  which  immunity  is 
absent  or  relatively  sHght  in  spite  of  the  fact  that  leucocytes  are 
present  in  great  numbers  at  the  seat  of  inf ectioD .    It  explained 
the  possibility  of  passive  immunity ;  for  since  the  '  anti-substances ' 
to  a  given  infection  are  present  in  the  blood-serum  of  an  animal, 
actively  immunised  by  whatever  means  to  that  infection,  trans- 
ference of  the  blood-serum  to  a  susceptible  animal  impHed  trans- 
ference of  the  anti-substances  and  transference  with  them  of  the 
protective  and  curative  properties  which  are  bound  up  with  those 
anti-substances.    It  explained  in  the  same  way  the  transmission 
of  immunity  from  mother  to  child,  whether  through  the  placental 
circulation  or  through  the  milk.    It  explained  the  rapid  loss  of 
passive  and  of  transmitted  immunity ;  for  since  the  cells  of  the 
body  only  form  specific  anti-substances  when  they  have  been 
stimulated  thereto  by  specific  toxin  or  bacteria,  and  this  condition 
is  absent  in  passive  and  in  transmitted  immunity,  the  amount  of 
anti-substance  in  the  recipient  of  the  serum  is  not  undergoing 
constant  renewal,  but,  on  the  other  hand,  is  midergoing  constant 
loss  owing  to  its  removal  in  the  excretions. 

(vi)  The  Side-chain  Theory  of  Ehrlich.— Matters  had  reached 
the  point  described  in  the  last  two  paragraphs,  and  a  large 
mass  of  facts  with  regard  to  haemolysis  and  agglutination  had 
been  accumulated,  when  Ehrhch  in  1897  brought  forward  his 
theory.  By  this  theory  he  sought  to  harmonise  all  the  results 
that  had  been  obtained  with  regard  to  the  artificial  production  of 
anti-substances  in  the  blood-serum,  whatever  their  nature,  to- 
indicate  the  method  of  their  formation  and  action,  and  as  th& 
principal  thesis  to  explain  natural  and  artificial  immunity  to 

disease.  •  f  ihp 

Ehrlich  started  from  the  fundamental  conception  that  in 
protoplasmic  molecule  is  a  complex  structure  like  other  organic 
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Fig.  13.—'  Side-chain  '  Theobi:. 
Diagram  op  Toxin  (after 
Ehrlich). 

a  =  toxin  molecule ;  d  =  toxo- 
pboric  group  ;  /  =  bapto- 
phoric  group  ;  c  =  tissue 
cell ;  g  =  receptor. 


(Chemical  bodies,  and  consists  of  a  central  radical  and  groups  of 
more  or  less  complex  natm'e  attached  in  such  a  manner  that 
Ihese  lateral  groups  or  side-chains  are 
capable  of  combining  with  other  formed 
chemical  bodies,  or  of  being  replaced  by 
other  complexes.  In  organic  chemistry 
an  analogous  process  is  generally  ac- 
cepted to  explain  the  relations  of  iso- 
meric compounds.  Ehrlich  holds  that 
the  protoplasmic  molecule  is  capable  of 
forming  a  vast  number  of  various  side- 
chains,  and  that  a  separate  chain  can 
be  formed  for  every  blood  or  cell  poison 
which  exists.  These  side-chains  he 
terms  '  receptors.'  Each  receptor  is 
-capable  of  anchoring  one  single  body,  be 
it  albumin,  peptone,  toxin,  or  other  body. 

In  the  case  of  the  various  bodies  which  are  to  become 
anchored  to  the  protoplasmic  molecule,  whether  nutrient  or  toxic 
or  of  .  other  kind,  there  is  the  general  character  that  they  consist 
of  two  groups.  ■  Qf  these,  one — the  haptophoric  group — is  directly 
or  indirectly  concerned  in  the  anchoring  process  alone,  the  other 
— which  has  received  various  names,  to  be  mentioned  later — 
produces  its  specific  action  upon  the  protoplasmic  molecule  after 
anchoring  has  taken  place.  That  this  dual  gronp  arrangement 
obtains  has  been  shown  especially  in  the  case  of  bacterial  products. 
Thus  in  a  filtered  broth-cultiire  of  B.  diphtherice,  a  substance — 
toxin — is  present  which  can  act  upon  the  cells  of  tbe  body  and 
induce  both  the  formation  of  antitoxin  and  definite  poisonous 
effects.  After  a  certain  length  of  time  the  same  filtered  culture 
contains  a  substance  which  is  capable  of  inducing  the  formation 
of  antitoxin,  but  is  non-poisonous.  This  non-poisonous  substance 
has  been  termed  '  toxoid  '  by  Ehrlich.  It  is  formed  at  the  expense 
of  the  toxin,  and  the  two  differ  in  respect  of  the  fact  that  the 
toxin  possesses  a  haptophoric  and  a  '  toxophoric  '  group,  whereas 
the  toxoid  possesses  a  haptophoric  group  alone.  Corresponding 
to  toxoids,  complementoids  and  precipitoids  have  also  been 
described  by  some  authors.  In  the  case  of  the  interaction 
between  toxin  and  protoplasmic  molecule  the  matter  is  simple. 
The  haptophoric  group  of  the  toxin  seizes  on  the  receptor  of  the 
protoplasmic  molecule,  and  then  the  toxophoric  group  of  the  toxin 
acts  specifically  on  the  cell.  If  the  toxophoric  group  is  very 
powerful,  the  cell  is  damaged  beyond  repair  or  is  killed  outright ; 
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and  if  the  number  of  toxin  molecules  is  very  great,  so  many  cells 
of  the  animal  are  injured  that  the  animal  dies ;  but  if  these  con- 
tingencies do  not  arise,  a  defect  in  the  cell  is  produced,  which  it 
seeks  to  cover  by  the  formation  of  fresh  side-chains  or  receptors 
similar  to  those  which  have  been  anchored.  A  corresponding 
condition  to  this  occurs  on  a  large  scale  in  the  production  of  new 
bone  by  the  periosteum  to  repair  a  fracture.  This  stimulated 
production  of  receptors  being  once  imprinted  on  the  cell,  it  tends 
to  over-compensate  the  defect,  just  as  more  callus  is  formed  than 
is  actually  needed,  with  the  result  that  receptors  are  cast  off  into 
the  blood  and  lymph.  These  cast-off  receptors  constitute  the 
antitoxin. 

In  the  case  of  a  toxin  we  are  deaHng  with  a  soluble  body, 
and  the  union  of  the  receptor  with  the  haptophoric  group  takes 
place  directly.  But  in  the  case  of  hfemolysis  and  bacteriolysis 
the  substance  to  be  acted  on  is  sohd,  and  solution  takes  place 
indirectly.  There  is  little  doubt  that  the  principles  involved  in 
haemolysis  and  bacteriolysis  are  identical,  and  owing  to  the  greater 
ease  with  which  heemolytic  action  can  be.  studied,  it  will  alone  be 
considered  in  this  connection. 

It  has  been  conclusively  proved  that  two  bodies  which  can  be 
separated  by  special  means  are  concerned  in  haemolysis  besides 
the  red  blood-corpuscle  itself.  One  of  these  bodies  is  specifically 
produced  by  the  injections  used  in  preparing  the  hEemolytic  serum 
and  is  heat-resisting,  the  other  is  normally  present  in  the  serum 
of  the  animal  and  is  destroyed  by  a  temperature  of  55°  for  half  an 
hour.  These  two  bodies  hav^  received  many  different  names. 
The  thermostable  substance  has  been  termed  by  different  authors 
'immune  body,'  'amboceptor,'  'intermediate  body,'  'substance 
sensibilisatrice,'  '  sensitiser,'  'fixateur,'  'copula,'  'desmon,'  'philo- 
cytase,'  'immunisin.'  The  thermolabile  body  has  been  termed 
'  alexin,'  '  complement,'  '  addiment,'  '  cytase.'  Of  these  names 
'  immune  body  '  and  '  complement '  will  generally  be  used  in  the 
following  pages  as  those  most  commonly  employed  in  England. 

The  immune  body,  like  the  toxin  molecule,  is  dual,  and  con- 
tains two  groups,  one  a  cytophile  haptophoric  group,  which 
corresponds  to  the  haptophoric  group  of  the  toxin  molecule,-  and 
the  other  a  complementophile  group,  which  corresponds  (though 
not  in  its  action)  with  the  toxophoric  group  of  the  toxin  molecule. 
The  complement  is  also  dual  and  has  a  haptophoric  group,  corre- 
sponding to  the  haptophoric  group  of  the  immune  body  or  the 
toxin  molecule,  and  a  zymotoxic  group  which  corresponds  with 
the  toxophoric  group  of  the  toxin  molecule. 
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"For  the  occurrence  of  haemolysis  the  zymotoxic  group  of  the 
complement  must  act  upon  the  red  blood-corpuscle,  but  it  cannot 
act  directly.  Thus  the  haptophoric 
group  of  the  complement  cannot 
anchor  itself  directly  to  the  re- 
ceptor of  the  red  blood-corpuscle. 
On  the.  contrary,  it  can  only 
anchor  itself  to  the  complemento- 
phile  group  of  the  immune  body. 
So,  too,  the  haptophoric  group  of 
the  immune  body  can  only  anchor 
itself  to  the  receptor  of  the  red 
blood  -  corpuscle,  and  conversely 
the  red  blood-corpuscle's  receptor 

can  only  receive  the  haptophoric  fi^.  i4._.  side-chain  '  Theoby.  Dia- 
group  of  the  immune  body.  Hence  geam  or  H.ilmolysin  (after  Ehrlich). 

a  variety  of  conditions  may  exist,  a  =  complement ;  d  =  zymotoxic  group ; 

.  *'  e  =  haptopnolic  group  ;  o  =  ambo- 

If   suitable    red    blood-corpuscles,       ceptor  ;     h  =  complementophile 

suitable  immune  body  and  com-      groi^P;  /=eytophiie  haptophoric 

•'  group ;    c  =  part   of  erythrocyte  ; 

plement  are  present  at  the  same      (/  =  receptor. 

time,  the  haptophoric   group  of 

the  immune  body  seizes  on  the  receptor  of  the  corpuscle,  the 


Fig.  1.5  '  Side-chain  '  Theory.  Diagram    Fig.  16.—'  Side-chain  '  Theory.  Diagram 

OF  Anti-complement  (after  Ehrlich).  of  Anti- amboceptor  or  Anti-immune 

a  =  complement ;  d  ^  zymotoxic  group ;        ^^^^  ('^"'"^^  Ehrlich). 

e  =  haptophoric  group;    7i  =  anti-com-    a  =  complement;    b=  amboceptor;  h 
plement;  6  =  amboceptor ;  /<;  =  comple-         =anti-amboceptor  ;    c  =  part  of  an 
mentophilegi-oup;/=cytophilehapto-        erythrocyte.     The  other  parts  as  in 
phoric  group;  c  =  part  of  an  erythro-        fig.  15. 
cyte  ;  g  =  receptor. 

haptophoric  group  of  the  complement  seizes  on  the  complemento- 
phile  group  of  the  immune  body,  and  the  zymotoxic  group  of  the 
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complement,  acting  through  the  chain  thus  established,  dissolves 
the  corpuscle.  But  only  two  of  the  three  necessary  substances 
may  be  present,  and  then  hasmolysis  does  not  occur.  In  most 
cases  absence  of  haemolysis  on  introduction  of  foreign  corpuscles 
into  a  blood-serum  depends  upon  absence  of  immune  body,  but  it 
may  depend  upon  absence  of  complement,  or  more  probably  upon 
absence  of  the  essential  variety  of  complement.  The  question, 
however,  as  to  whether  the  complement  is  a  single  substance,  or 
whether  there  is  a  multiplicity,  is  by  no  means  settled,  and  will  be 
referred  to  later. 

The  matter  is  still  further  complicated  by  the  fact  that  by  the 
general  method  adopted  in  the  production  of  anti-substances  it 
has  been  found  possible  to  produce  an  anti-immune  body  and  an 
anti-complement.  If  either  of  these  is  introduced  into  a  mixture 
of  immune  body,  complement  and  red  blood-corpuscles,  haemolysis 
'  does  not  take  place.  The  full  explanation  of  this  is  not  yet 
known,  but  it  is  assumed  that  the  anti-complement  anchors  itself 
to  the  haptophoric  group  of  the  complement,  and  the  anti-immune 
body  to  the  haptophoric  group  of  the  immune  body.  In  both  cases 
the  formation  of  that  chain  whereby  the  zymotoxic  group  of  the 
complement  is  enabled  to  act  upon  the  red  blood-corpuscle  is 
completely  prevented. 

In  consideration  of  the  fact  that  several  specific  properties 
may  co-exist  in  the  same  serum,  it  has  been  argued  that  receptors 
are  not  all  of  one  kind  of  complexity.  Thus  in  the  case  of 
haemolysis,  hsemagglutination  may  occur  immediately  before 
haemolysis.  Nevertheless  the  two  properties  are  actually  inde- 
pendent. In  the  same  way  agglutination  of  bacteria  and  bacterio- 
lysis are  often  found  together,  though  actually  independent.  It 
has  therefore  been  suggested  that  receptors  are  of  three  kinds, 
those  of  the  first  order  corresponding  to  toxin,  those  of  the  second 
order  corresponding  to  agglutinins,  and  those  of  the  third  order 
corresponding  to  haemolysins.  Owing  to  the  difficulty  of  the  sub- 
ject, however,  it  is  not  advisable  to  pursue  the  matter  further  here. 

In  this  theory  it  is  easily  intelligible  how  an  individual  who 
has  passed  through  an  attack  of  an  infective  disease  is  immune 
ior  a  longer  or  shorter  time  against  the  same  disease;  for  the 
free  receptors  circulating  in  his  blood  anchor  immediately  any  of 
the  corresponding  toxin  molecules  that  may  happen  to  become 
introduced  into  his  system  before  they  are  able  to  reach  the  tissue 
cells  upon  which  alone  their  toxophoric  groups  can  act.  So,  too, 
the  serum  of  such  an  individual  is  capable  of  conferring  a  passive 
immunity  to  another  individual  by  supplying  him  with  those 
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specific  receptors  which  his  own  cells  have  not  as  yet  had  time  to 
form ;  for  it  must  clearly  be  recognised  that  in  the  case  of  every 
infective  disease  there  is  a  pre-antitoxic  stage.  This  pre-antitoxic 
stage  must  itself  be  divided  into  that  portion  during  which  the 
haptophoric  groups  of  the  toxin  molecules  are  seizing  on  the  re- 
••ceptors  of  the  cells — the  period  of  incubation  of  the  disease  ;  and 
that  portion  during  which  the  toxophoric  group  of  the  toxin  is 
acting  after  the  toxin  molecule  has  become  anchored — the  period  of 
the  disease  following  on  invasion.  As  antitoxin-formation  becomes 
established  the  disease  begins  to  recede,  and  when  antitoxin- 
formation  gains  the  upper  hand  convalescence  becomes  esta- 
blished. 

On  this  theory,  too,  the  existence  of  natural  immunity  is 
intelligible,  but  in  this  instance  two  contingencies  are  possible. 
In  the  first  place,  an  individual  may  fail  to  become  attacked  by  a 
^iven  disease  because  his  cells  normally  form  so  many  of  the 
specific  receptors  that  there  is  constantly  circulating  in  his  blood 
a  sufficient  number  to  anchor  any  toxin  or  other  molecules  that 
may  be  formed  when  inoculation  occurs,  before  they  can  attack 
the  cells  of  the  body  ;  or,  in  the  second  place,  the  cells  of  his 
body  may  be  entirely  devoid  of  receptors  suitable  for  the  anchor- 
ing of  the  haptophoric  group  of  the  toxin  molecule.  No  possi- 
bility existing,  under  these  circumstances,  for  the  anchoring  of 
the  toxin  molecule,  its  toxophoric  group  is  unable  to  act. 

With  regard  to  the  last-mentioned  possibility,  it  must  be 
mentioned  that  receptors,  as  well  as  haptophoric  groups,  are  of 
different  kinds.  In  order  to  produce  a  given  result  they  must 
correspond  in  much  the  same  way  as  a  lock  and  a  key.  There 
are  multitudes  of  locks  and  multitudes  of  keys ;  but  if  a  special 
key  is  to  open  a  door,  that  door  must  be  supplied  with  a  corre- 
sponding lock.  It  is  this  conception  which  goes  far  to  explain 
many  recognised  facts.  Thus  the  tendency  of  tetano-toxin  to 
affect  the  cells  of  the  nervous  system,  and  the  whole  series  of  facts 
with  regard  to  haemolysis  and  bacteriolysis,  are  only  to  be  explained 
by  the  specificity  of  receptors.  On  the  other  hand,  there  is  pro- 
bably in  certain  cases  a  great  similarity  of  receptors,  and  this  is 
taken  to  explain  such  a  fact  as  the  relative  interchangeability  of 
the  agglutination  reaction  of  B.  typhosus,  B.  coli,  and  B. 
mteritidis. 

Criticisms  of  Side-chain  Theory. — The  chief  criticisms  to 
which  the  side-chain  theory  has  been  subjected  have  reference  to 
the  nature  of  the  immune  body,  the  so-called  '  law  of  multiples,' 
and  the  unity  or  the  multiplicity  of  complements. 
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The  opponents  of  Ehrlich,  and  particularly  Bordet  and  Gniber, 
deny  that  the  specific  immune  body  is  an  amboceptor  and  acts  as 
a  link,  but  regard  it  as  '  sensitising  '  ('  substance  sensibilisatrice,' 
Bordet)  or  '  preparing  '  ('  Preparator,'  Gruber)  the  cell,  whether 
bacterial  or  corpuscular,  which  is  then  acted  upon  by  the  '  alexin ' 
or  '  alexins  '  ('  complement ') .  Gruber  holds  that  the  process  in  • 
the  case  of  bacteriolysis,  haemolysis,  and  other  forms  of  cytolysis, 
is  carried  out  after  the  same  manner  as  obtains  in  agglutination. 
In  the  latter  instance  he  maintains  that  he  and  Durham  have 
shown  that  the  specific  agglutinating  substance  acts  upon  the 
membrane  of  the  bacterium. 

Bordet  has  further  recently  investigated  the  mode  of  inter- 
action of  tetano-toxin  and  tetanus  antitoxin,  and  as  the  result  of 
his  observations  casts  doubts  upon  Ehrlich' s  law  of  multiples, 
which  is  one  of  the  foundations  of  his  theory. 

Ehrlich,  following  Behring's  original  idea,  holds  that  toxin  and 
antitoxin  neutralise  one  another  something  after  the  fashion  of 
an  acid  and  an  alkali.  He  found,  for  example,  that  exact 
neutralisation  of  ten  times  the  minimal  lethal  dose  of  diphtheria 
toxin  can  be  obtained  so  long  as  the  dose  of  anti-diphtheritic  serum 
which  is  necessary  to  neutraHse  a  single  minimal  lethal  dose  of 
toxin  is  also  multiplied  by  ten.  The  same  is  also  true  if  the 
multiplier  in  each  case  be  one  hundred  instead  of  ten.  If  these 
•  corresponding  quantities  of  serum  and  of  toxin  be  mixed  in  a  test- 
tube,  and  the  mixture  injected  into  a  normal  guinea-pig,  the 
animal  does  not  suffer  from  diphtheria.  He  found  that  the  same 
law  of  multiples  obtains  in  the  cases  of  abrin,  ricin,  tetano-toxm, 
and  their  corresponding  sera. 

Bordet,  arguing  from  the  behaviour  of  mixtures  of  alexin  and 
antialexin  in  htemolysis,  considers  that  the  relations  of  antitoxm 
to  toxin  are  not  thus  to  be  regarded  as  similar  to  those  of  acid 
and  alkah.  He  shows  that  in  a  mixture  in  which  the  amount  of 
antialexin  is  insufficient  to  neutralise  the  alexin  present,  it  is  not 
a  case  of  a  complete  neutraHsation  of  one  portion  of  the 
alexin  and  a  non-neutraHsation  of  the  remainder.  On  the  con- 
trary, all  the  alexin  present  is  in  a  condition  of  partial  neutralisa- 
tion, so  that  a  substance  alexin-antialexin  is  formed,  which  has  a 
definite  activity  according  to  the  relative  amounts  of  each  con- 
stituent present.  As  an  analogy  he  instances  the  behaviour  of 
filter  paper  placed  in  a  solution  of  methyl  violet.  If  all  of  a 
given  mass  of  paper  be  placed  in  the  stain  at  one  time  it  becomes 
uniformly  tinted,  and  all  the  colour  is  removed  from  the  fluid. 
But  if  the  paper  is  torn  up  in  strips  and  gradually  added  piece  by 
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piece,  those  pieces  which  are  first  added  become  more  darkly- 
stained  and  the  last  pieces  have  no  stain  to  take  up  at  all. 

The  same  objection  to  Ehrlich's  law  of  multiples,  and  to  the 
view  that  toxin  and  antitoxin  correspond  to  acid  and  alkali,  had 
previously  been  raised  by  other  authors.    Buchner  found  that  a 
mixture  of  tetano-toxin  and  anti-tetanic  serum  which  is  harmless 
for  the  white  mouse  is  not  harmless  for  the  guinea-pig,  which,  on 
the  contrary,  dies  from  tetanus.    Roux  and  Calmette  showed  that 
snake  poison  is  not  directly  destroyed  by  the  serum  of  immunised 
animals.    If  they  heated  a  mixture  of  poison  and  serum  which 
was  without  action  in  the  animal  body,  for  a  long  time  at  68°  C, 
the  protective  power  of  the  serum  was  neutralised,  but  the  poison 
acted  as  vigorously  as  if  it  had  never  been  in  contact  with  the 
serum.    Perfectly  similar  results  were  obtained  by  Wassermann 
with  the  toxin  of  B.  pyocyaneus  and  its  corresponding  serum. 
After  boiling  a  mixture  of  the  two  substances  which  was  harmless 
to  animals,  the  protective  power  of  the  serum  was  annihilated, 
but  the  toxic  action  remained.    Fresh  addition  of  serum  after 
the  boiling  caused  the  toxic  action  to  again  disappear,  which 
shows  that  the  true  poison  of  pyocyaneus  was  present,  and  not 
some  secondary  toxic  substance  formed  by  boiling  the  poison  and 
the  serum  together.    In  the  case  of  B.  pyocyaneus,  Wassermann 
distinctly  found  that  the  doses  of  toxin  and  of  serum  injected  into 
an  animal  cannot  be  increased  ad  libitum  without  harm  to  the 
animal,  as  should  be  the  case  if  the  poison  and  serum  produced  a 
harmless  mixture,  and  as   Ehrlich  asserts   is   the   case  with 
diphtheria  toxin  and  anti-diphtheritic  serum.    Actually  Wasser- 
mann never  succeeded  in  rendering  more  than  six  times  the 
minimal  fatal  dose  of  pyocyaneus  poison  harmless  in  the  body, 
however  great  the  amount  of  immunising  serum  he  injected  at  the 
same  time. 

Wassermann  believes  that  the  case  is  even  more  strong  against 
the  conception  of  a  neutralising  action  on  the  part  of  the  anti- 
bacterial substances.  Even  when  the  dose  of  pyocyaneus  serum 
(which  contains  antibacterial  substances)  is  increased  out  of  all 
proportion  to  the  increase  in  number  of  bacilli  used  for  inocula- 
tion, one  cannot  go  beyond  a  certain  point.  Thus,  though  -01 
c.c.  of  a  certain  immunising  serum  completely  destroyed  one 
platinum  loopful  of  a  hving  culture  of  B.  pyocyaneus  in  the 
animal  body,  1  c.c,  or  a  hundred  times  the  amount  of  serum, 
could  not  produce  the  same  result  when  three  loopfuls  of  a 
hving  culture  were  introduced  into  the  animal.  The  animal 
succumbed  in  spite  of  the  fact  that  it  still  contained  so  much 
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.immunising  serum  that  "2  c.c.  of  the  peritoneal  exudate  of  the 
dead  animal,  together  with  the  bacilli  which  that  exudation  con- 
iained,  if  injected  into  a  fresh  animal,  not  only  killed  the  bacilli 
.already  present  in  the  exudation,  but  also  a  further  half-loopful 
of  a  fresh  living  culture  in  addition.  Wassermann  explains  his 
-results  by  assuming  that  the  antibacterial  and  the  antitoxic 
substances  act  by  inducing  a  reaction  on  the  part  of  the  cells 
of  the  animal  into  which  they  are  injected,  and  that  it  takes  a 
certain  length  of  time  for  the  reaction  to  be  brought  about.  It  is 
•only  fair  to  state,  however,  that  much  of  the  weight  which  these 
•earlier  experiments  were  held  to  possess  in  opposition  to  Ehrlich's 
.view  has  been  lost  owing  to  advancing  knowledge.  Those  of 
Wassermann,  for  example,  are  at  least  open  to  the  possible 
..criticism  that  the  excess  of  anti- serum  led  to  the  formation  of  an 
.anti-anti-serum. 

Exception  has  also  been  taken  by  Besredka  to  certain  other  ex- 
periments of  Wassermann  which  have  been  regarded  as  affording 
particular  support  to  the  side-chain  theory.  Wassermann  found  that 
.there  is  a  substance  present  in  brain  and  cord  which  neutralises  in 
some  degree  the  specific  action  of  tetano-toxin.    Thus  when  an 
'emulsion  of  brain  is  mixed  in  the  test-tube  with  the  tetano-toxin,  a 
portion  of  the  toxicity  is  removed  exactly  in  the  same  manner  as 
occurs  on  the  addition  of  antitetanic  serum  to  tetano-toxin.  From 
ibis  the  deduction  has  been  drawn  that  the  cells  of  the  brain  and 
cord  normally  produce  a  substance  which  they  form  in  excess  when 
stimulated  thereto  by  the  action  of  tetano-toxin.    In  other  words, 
natural  and  acquired  immunity  are  identical   in   nature,  and 
.depend  upon  the  activity  of  those  cells  which  the  toxin  itself 
.attacks  with  the  greatest  severity.    Besredka  concluded  from  his 
experiment  that  cerebral  substance  fixes  more  tetano-toxin  than 
it  can  neutrahse,  and  therefore  that  the  fixing  substance  is  not 
the  antitoxic  substance  in  the  proper  sense  of  the  term.  More- 
over, he  found  that  the  combination  of  brain  substance  and  tetano- 
toxin  has-  not  the  same  stability  as  is  possessed  by  a  combination 
•  of  true  tetanus  antitoxin  and  tetano-toxin. 

With  reference  to  the  question  as  to  whether  there  exists  one 
-alexin  or  complement,  or  more  than  one,  there  is  again  a  diversity 
.of  opinion.  Bordet  and  the  late  Professor  Buchner  held  that  only 
.one  alexin  exists.  Metchnikoff  believes  that  there  are  two,  one  of 
which  is  hjEmolytic,  the  other  bacteriolytic.  Gruber  maintains 
.the  same  view,  and  considers  variations  in  the  action  of  alexin  to 
•be  due  to  variations  in  its  concentration  alone.  On  the  other 
hand,  Ehrlich,  Morgenroth,  Neisser,  Besredka,  and  others  believe 
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that  several  different  alexins  or  complements  exist.  Of  the  trutb 
of  this  they  maintain  that  the  formation  of  different  kinds  of 
anti-complement  is  evidence.  Thus  Marshall  and  Morgenroth' 
found  two  complements  in  guinea-pig  serum  by  using  a  partial- 
anti-complement,  and  Wendelstadt  distinguished  three  comple- 
ments in  goat's  serum  by  their  different  reactions  to  heat  and  tO' 
dilute  hydrochloric  acid.  After  immunising  a  goat  simultaneously 
to  the  blood-corpuscles  of  sheep,  ox,  and  pig,  he  was  able  to 
determine  at  will  which  variety  of  corpuscle  should  be  htemolysed 
by  the  amboceptors  in  the  immunised  animal  and  complement 
from  a  normal  goat  by  varying  the  temperature  to  which  he  heated' 
the  nornial  goat  serum  or  the  amount  of  hydrochloric  acid  he- 
added  to  it. 

With  regard  to  the  agglutination  phenomenon  itself,  apart 
from  the  question  as  to  the  method  whereby  the  specific 
agglutinins  are  formed  in  the  animal  body,  there  is  great  diver- 
gence of  opinion.  It  has  been  regarded  as  a  chemical  process,  as 
one  dependent  upon  the  presence  of  inorganic  salts,  particularly 
sodium  chloride  (and  it  is  certainly  true  that  it  does  not  occur  in 
the  absence  of  salts),  as  due  to  the  specific  action  of  the 
agglutinin  upon  the  agglutinable  substance  in  the  micro-organism 
(Gruber),  as  due  to  a  physical  alteration  of  the  molecular  attrac- 
tion between  the  cells  or  microbes  and  the  fluid  (Bordet),  as  due- 
to  the  formation  of  a  '  sticky '  substance  which  interferes  with 
ciliary  action,  as  the  first  stage  in  the  bacteriolytic  effect  of  an 
enzyme  already  present  in  the  culture,  as  a  coagulation  pheno- 
menon, and  as  due  to  a  precipitation  of  certain  substances  by 
which  the  bacteria  are  entangled  and  stuck  together.  At  the 
present  time  it  is  generally  considered  to  be  a  purely  physical- 
phenomenon,  and  there  is  a  tendency  to  explain  it  upon  electrical 
principles,  the  foci  of  agglutination  coinciding  with  points  of 
electrical  equilibrium  in  the  fluid. 

The  Specificity  of  Sera. — It  is  generally  accepted  that  acquired 
immunity  is  specific :  that  is  to  say,  an  i^pimunity  conferred  by 
one  or  other  method  obtains  only  against  the  particular  micro- 
organism which,  or  the  toxin  of  which,  has  been  used  in  con- 
ferring the  immunity.  So  that,  for  example,  an  animal  immunised 
against  diphtheria  is  not  at  the  same  time  immunised  against 
tetanus,  or  vice  versa. 

Conversely,  a  given  bacterium  or  its  toxin  can  only  confer 
immunity  against  itself.  For  a  short  time  there  was  doubt  on 
this  point  raised  by  experiments  made  by  Klein  and  supported 
by  others  made  by  Sobernheim  and  by  Hueppe.    Klein  believed 
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that  he  had  obtained  an  immunity  against  cholera  by  injections 
of  B.  pyocyaneus,  B.  prodigiosiis,  and  a  variety  of  other  micro- 
organisms, an  immunity  against  B.  prodigiosus  by  injection  of 
B.  pyocyaneus,  an  immunity  against  B.  pyocyaneus  by  injection 
of  B.  prodigiosus,  and  so  on.  But  since  the  peritoneal  cavity  was 
the  seat  of  inoculation  throughout  Klein's  experiments,  there  is 
no  doubt  that  Pfeiffer's  observation  that  the  preceding  inoculation 
leads  to  a  leucocytosis  is  the  real  explanation  of  the  apparent 
immunity.  We  have  here,  indeed,  a  special  example  of  local 
immunity  or  increased  non-specific  resistance.  Kanthack  and 
Wesbrook  also  repeated  Klein's  experiments  and  showed  that, 
though  a  certain  amount  of  immunity  is  conferred  by  injection 
of  B.  prodigiosus  against  B.  pyocyaneus,  and  vice  versa,  the 
immunity  is  neither  so  pronounced  nor  so  lasting  as  when  the 
same  micro-organism  is  used  for  immunisation  and  for  testing 
immunity. 

But  though  immunity  is  specific  and  in  many  cases  specific  to 
a  remarkable  extent,  it  is  not  quite  exclusive.  For  instance,  many 
varieties  of  vibrio  are  associated  with  Asiatic  cholera,  and  though 
in  many  cases  immunity  conferred  on  animals  by  one  variety  is 
only  shown  to  inoculations  with  that  variety,  this  is  not  always 
the  case ;  for  often  a  certain  amount  of  interchangeabihty  exists, 
though  the  highest  degree  of  immunity  conferred  by  any  par- 
ticular variety  of  vibrio  is  shown  against  inoculation  with  that 
particular  variety.  This  specificity  of  sera  and  its  limitations 
are  well  seen  when  cultivations  of  the  vibriones  are  mixed  with 
immunising  sera  from  different  sources  in  testing  the  presence  or 
absence  of  Pfeiffer's  phenomenon.  A  similar  specificity,  it  will 
already  have  been  gathered,  obtains  in  the  case  of  the  agglutinms, 
hemolysins,  and  other  cytolysins,  precipitins,  and  indeed  in  the 
case  of  all  varieties  of  'immune'  or  'anti'  bodies.  In  some  in- 
stances the  specificity  is  far  greater  than  in  others,  but  in  all  it 
obtains  to  a  greater  or  less  degree. 

VII.  Latency  in  Infective  Disease.— It  has  long  been  held 
that  disease  may  sometimes  be  latent.  That  is  to  say,  though 
infection  has  been  received  at  a  certain  time,  the  manifestation 
of  symptoms  of  the  disease  is  postponed  for  a  longer  or  shorter 
period.  Latency  of  disease  was  made  the  subject  of  discussion 
at  the  Boyal  Medical  and  Chirurgical  Society  in  1896,  and  clinical 
instances  of  latency  in  tuberculosis,  in  syphilis,  in  leprosy  were 
brought  forward  by  different  speakers.  But  the  difficulty  m  all 
cases  of  latency  is  to  insure  the  absence  of  any  intermediate  but 
unrecognised  infection,  so  that  the  best  examples  of  latency  for 
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our  purpose  were  those  brought  forward  by  Dr.  Phineas  Abraham 
and  occurring  in  leprosy.  Abraham  mentioned  the  case  of  a  man 
who  became  leprous  forty  years  after  his  last  exposure  to  the 
disease.  During  this  period  of  forty  years  the  man  had  resided 
in  England  continuously  and  had  held  no  communication,  even 
by  letter,  with  lepers  or  regions  in  which  leprosy  is  endemic.  So 
far  as  it  is  possible  to  insure  absence  of  intermediate  infection,  it 
is  excluded  in  this  case,  and  we  must  therefore  allow  that  leprosy 
bacilli  were  introduced  into  the  body  of  the  man  at  least  forty 
years  before  he  manifested  the  disease,  and  that  during  that 
period  or  the  greater  part  of  it  they  were  latfent. 

Now  we  may  have  in  latency  a  special  form  of  incubation,  and 
though  an  incubation  period  of  forty  years  is  excessive,  there  is 
no  theoretical  objection  to  its  possibility.  Upon  that  view  the 
infective  agent  must  have  been  multiplying  and  forming  toxin, 
though  the  amount  of  toxin  formed  was  insufficient  to  lead  to 
symptoms  over  all  that  period.  But,  on  the  other  hand,  it  is 
possible  that  though  the  micro-organisms  were  present  in  the 
body  of  the  man,  they  were  in  an  inert  condition  :  their  develop- 
ment was  arrested,  but  they  remained  capable  of  growth.  We 
cannot  decide  between  these  two  possible  explanations,  but  it  is 
certain  that  the  latter  condition  can  be  observed  in  nature. 

In  the  disease  of  silkworms  knovm  as  'pebrine,'  the  micro- 
organisms which  cause  the  disease  can  actually  be  seen  in  the 
eggs  laid  by  an  infected  moth.  In  spite  of  the  fact  that  the  eggs 
are  kept  under  conditions  by  no  means  unfavourable  to  the  growth 
of  the  micro-organism,  the  micro-organisms  in  the  eggs  do  not 
commence  to  develop  until  the  changes  occur  which  lead  to  the 
formation  of  a  caterpillar.  So  long  as  the  germ  of  the  caterpillar 
is  quiescent  the  micro-organisms  are  latent,  capable  of  develop- 
ment but  not  developing  ;  but  so  soon  as  that  especial  change  in 
their  environment  which  is  caused  by  the  formation  of  the  cater- 
pillar takes  place,  their  development  proceeds  apace.  Hence  the 
possibility  of  a  strict  latency  (as  distinguished  from  an  undue 
prolongation  of  incubation  period)  in  infective  disease  must  be 
allowed.  It  is  well  known  how  the  development  of  a  micro-organ- 
ism even  upon  artificial  media  is  influenced  by  minute  changes  in 
the  constitution  of  the  nutrient  medium,  and  it  is  quite  conceivable 
that  the  balance  between  the  micro-organism  on  the  one  hand, 
and  the  tissues  into  which  it  gains  entrance  on  the  other,  may 
at  times  be  such  that  the  micro-organism  neither  dies  nor  exer- 
cises its  vital  functions,  but  remains,  so  to  speak,  in  a  state  of 
suspended  animation  and  capable  of  development  if,  at  any  time, 
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the  opposing  force  exercised  by  the  tissues  becomes  lessened.  In 
this  connection  it  is  a  remarkable  fact  that  clinically  '  latent 
disease  almost  always  becomes  manifest  at  a  time  when  the  patient 
has  been  subjected  to  depressing  conditions  of  some  kind. 

VIII.  The  Patholog-y  of  Relapses. — A  relapse  is  said  to  occur 
when  a  patient,  during  convalescence  from  an  attack  of*  an  in- 
fective disease,  again  suffers  from  a  fresh  attack  of  the  same 
disease ;  frequently,  however,  a  sudden  aggravation  of  receding 
symptoms  or  the  supervention  of  complications  is  designated  by 
the  same  term.  The  best  examples  of  relapses  are  seen  in 
relapsing  fever,  in  typhoid  fever,  and,  it  might  almost  be  said,  in 
the  successive  attacks  that  occur  in  malaria. 

The  explanation  of  relapses  is  by  no  means  easy.  That  the 
relapse  is  really  a  fresh  attack  of  the  disease  is  shown  by  the 
facts  that  in  each  relapse  of  relapsing  fever  the  micro-organism 
is  recognisable  in  the  blood,  though  in  the  intervals  it  cannot  be 
found,  while  the  symptoms  of  the  first  attack  are  repeated  in 
subsequent  attacks ;  that  what  has  just  been  said  for  relapsing 
fever  is  true  also  for  successive  ague-fits  in  malaria  (if  we  include 
successive  ague-fits  under  the  heading  of  relapses)  ;  and  that  in 
typhoid  fever  a  relapse  is  ushered  in  by  the  same  characters  of 
the  patient's  temperature  as  are  found  in  the  initial  attack,  while 
all  the  phenomena  of  a  primary  attack,  including  the  cutaneous 
eruption,  may  be  observed. 

It  is  therefore  necessary  to  explain  not  only  re-infection  but 
also  re-infection  at  a  time  when,  by  our  conceptions  of  the 
reasons  which  lead  to  convalescence,  the  patient  has  acquired  a 
certain  degree  of  immunity.  The  reappearance  of  symptoms 
obviously  depends  upon  the  fact  that  fresh  toxic  substances  are 
enabled  to  manifest  their  effects,  though  perhaps  the  cases  of 
relapsing  fever  and  malaria — in  which  it  is  not  known  that  toxic- 
substances  are  formed— force  us  to  add  to  the  words  '  fresh  toxic 
substances  '  the  words  '  fresh  micro-organisms.'  The  differences 
that,  there  is  reason  to  beHeve,  obtain  between  the  modes  in- 
which  the  micro-organism  of  typhoid  fever  on  the  one  hand,  and 
those  of  relapsing  fever  and  malaria  on  the  other,  produce 
symptoms,  must  also  play  their  part. 

Now  in  typhoid  fever  Chiari  has  shown  conclusively  that  the 
typhoid  bacilli  gain  access  to  the  gall-bladder.  Out  of  22  con- 
secutive cases  of  this  disease  he  found  typhoid  bacilli  in  the  gall- 
bladder in  19,  and  in  15  of  these  in  pure  culture.  In  13  of  the 
19  cases  in  which  there  was  a  positive  result,  the  gall-bladder 
was  inflamed,  showing  hyperaemia,  oedema,  and  infiltration  of  its- 
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-walls  with  small  cells.  These  conditions  are  such  that  we  can 
•easily  conceive  the  bacilli  as  being  at  times  looked  up  in  the  gall- 
bladder, multiplying  there  and  forming  their  toxic  products,  but 
imable  to  find  an  exit  for  themselves  or  their  products  owing 
"to  congestive  aiid  inflammatory  obstruction  of  the  cystic  duct. 
If,  then,  for  some  reason  the  duct  becomes  patent,  micro-organisms 
and  products  can  be  discharged  into  the  intestine.  But  under 
these  circumstances .  the  dose  that  would  be  discharged  into  the 
intestine  would  be  relatively  very  large,  and  though  a  certain 
degree  of  immunity  to  typhoid  might  be  present  owing  to  the 
previous  attack,  it  might  not  be  sufficient  to  prevent  the  mani- 
festation of  symptoms  when  the  dose  injected  is  thus  large.  We 
have  an  exact  parallel  to  this  in  immunisation  experiments.  It 
is  a  matter  of  common  experience  that  during  the  immunisation 
of  an  animal,  e.g.  the  horse,  against  diphtheria,  injection  of  an 
excessive  dose  of  toxin  or  of  living  bacilli  can  lead  to  symptoms 
of  the  disease  against  which  we  are  increasing  resistance,  even 
though  before  injection  of  the  excessive  dose  the  serum  of  the 
animal  had  by  previous  treatment  attained  to  a  certain  and 
perhaps  a  high  immunising  value.  Nevertheless  such  an  explana- 
tion must  only  be  regarded  as  possible.  Many  of  the  conditions 
associated  with  relapses  are  unknown,  and  others  are  so  obscure 
i)hat  nothing  more  than  suggestions  can  at  present  be  offered. 
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CHAPTEE  XI 
THE  PATHOLOGY  OF  HEAT  BEGULATION 


I.  General  Considerations, 
(i)  Heat  Production, 
(ii)  Heat  Loss. 


Synopsis. 
IV. 


n.  Normothermia. 

(i)  Variations    in  Temperature 

Compatible  with  Normality. 

(ii)  The    Means    whereby  Heat 

Eegulation  is  carried  out. 

(iii)  Metabolic  Changes  associated 

with  Normal  Heat  Pro- 
duction :  the  Eespiratory 
Quotient. 

HI.  Hyperthermia. 

(i)  From  continued  Exposure  to 

High  External  Tempera- 
ture. 

(ii)  From  Cerebral  Lesions. 

(iii)  Following  Administration  of 

certain  Drugs. 


Hypothermia. 

(i)  From  continued  Exposure  to 
Low  External  Tempera- 
ture. 

(ii)  In  the  Course  of  Disease. 

(iii)  Following  Administration  of 

Drugs. 


V.  Fever  or  Pyrexia. 

(i)  Characters  of  the  Tempera- 

ture. 

(ii)  Anatomical  Changes  in  Fever, 

(iii)  Functional  Changes  in  Fever. 

(iv)  Metabolism  in  Fever. 

(v)  etiology  of  Fever, 
(vi)  Antipyretics. 

(vii)  The  Theory  of  Fever. 

(viii)  The  Meaning  of  Fever  for 

the  Economy. 


I.  General  Considerations. — It  is  only  by  comparison  of  the 
abnormal  with  the  normal  that  a  proper  conception  of  any  morbid 
process  can  be  obtained,  and  iD  the  case  of  heat  regulation  this 
course  is  especially  necessary.  Por  in  the  first  place,  though 
abnormal  temperatures  are  often  associated  with  well-marked 
anatomical,  metabolic,  and  functional  changes  on  the  part  of  the 
patient,  yet  the  processes  of  pathological  heat  regulation  (con- 
sidered apart  from  such  changes  in  the  patient)  often  differ  from 
the  [processes  of  physiological  heat  regulation  more  in  degree 
than  in  kind ;  and  in  the  second  place,  certain  of  the  variations 
in  heat  production,  heat  loss  &c.  consistent  with  health,  are 
themselves  so  wide  that  consideration  of  one  factor  alone,  even 
though  it  occurs  along  with  disease,  may  be  quite  insufficient  to 
detennine  whether  that  factor  is  physiological  or  pathological. 

c  c  2 


388         THE  PATHOLOGY  OF  HEAT  EEGULATION 


The  great  difference  between  cold-blooded  and  warm-blooded 
animals  consists  in  the  fact  that  whereas  the  internal  temperature 
of  the  former  varies  with  the  temperature  of  the  medium  in 
which  they  are  placed,  the  temperature  of  the  latter  practically 
remains  constant,  in  spite  of  wide  variations  of  the  external 
temperature.  Hence  recjulation  of  internal  temperature — as  we 
understand  the  term — only  obtains  in  warm-blooded  animals; 
and  with  these  alone,  unless  definite  statement  to  the  contrary  is 
made,  we  shall  be  concerned  in  the- following  pages. 

The  fact  that  in  cold-blooded  animals  the  nervous  system  is  of 
a  lower  order  than  it  is  in  warm-blooded  animals,  of  itself 
suggests  that  the  nervous  system  plays  a  part  in  determining  the 
difference  between  their  methods  of  reaction  to  variations  in 
external  temperature,  and  this  suggestion  is  supported  by  experi- 
mental and  clinical  evidence  ;  for  lesions  of  the  brain  and  spinal 
cord  in  warm-blooded  animals  can  be  followed  by  alterations  of 
temperature,  and  in  particular  by  an  approximation  of  the  warm- 
blooded animal,  so  far  as  reaction  to  changes  in  external  tempera- 
ture is  concerned,  to  the  cold-blooded  type.  The  nervous  system 
may  be  concerned  with  heat  regulation  in  several  ways,  direct 
and  indirect,  and  to  these  reference  will  be  made  later. 

(i)  Heat  Production  or  Thermogenesis.— Since  the  chemistry 
of  life  so  largely  consists  in  the  breaking  down  of  complex  into 
simpler  molecules  and  in  the  oxidation  of  these,  during  both  of 
which  processes  heat  is  set  free,  it  is  clear  that  we  must  look  for 
the  seats  of  heat  production  in  those  regions  where  chemical 
changes  of  these  natures  are  most  evident.  Of  these  regions 
the  muscles,  the  alimentary  canal,  and  the  glands  are  of  most 
importance. 

In  normal  life  and  upon  a  normal  diet  the  heat  produced 
ultimately  comes  almost  entirely  from  combustion  of  the  food 
consumed.  Not  indeed  that  the  amount  of  heat  produced  can  be 
increased  indefinitely  by  augmenting  the  food  consumption,  for 
when  the  quantity  of  food  ingested  exceeds  a  certain  amount  it  is 
not  directly  broken  up,  but  is  stored  up  in  an  easily  oxydisable 
form  as  fat.  But  it  is  found,  when  neither  fat  is  being  laid  on 
nor  the  body  is  wasting,  that  the  total  heat  production  of  the  body 
in  a  given  time  as  measured  directly,  equals  the  sum  of  the  heat 
values  of  the  various  substances  consumed  during  the  same 
period  less  the  sum  of  the  heat  values  of  the  excreta  and  un- 
absorbed  portions.  . 

The  heat  values  of  different  food- stuffs  have  been  determmeri 
by  a  number  of  authors,  and  particularly  with  great  precision  by 
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Bubner.    According  to  Rubner  the  number  of  kilocalories  yielded 
by  the  classes  of  food-stuff  is  as  follows  : 

1  gram  proteid  yields  4-1  kilocal.  (gross ')  and  3-2  kilocal.  (net  '). 

1  gram  fat  yields  9-3     „  „        „    8'4     „  „ 

1  gram  carbohydrate  yields  4-1     „  „        „    3'8     „  „ 

From  these  values  the  heat  value  of  any  diet  may  be  deter- 
mined. Thus  an  ordinary  diet  for  an  adult,  consisting  of  120  gm. 
proteid,  60  gm.  fat,  500  gm.  carbohydrate,  yields  the  following 
amount  of  available  heat : 

120  grams  proteid  x  4-1  =    492-0  kilocal. 

60  grams  fat  x  9-3  -    558-0  „ 

500  grams  carbohydrate      x  4-1  =  2050-0  „ 

3100-0  kilocal. 

(a)  Heat  Production  in  Muscle. — We  know  that  the  contrac- 
tion of  a  muscle  in  the  presence  of  a  free  supply  of  oxygen  is 
associated  with  the  formation  of  CO,,  and  of  various  nitrogenous 
and  other  substances  less  complex  than  proteid,  and  we  might 
therefrom  conclude,  what  we  know  on  other  grounds  to  be  a 
fact,  that  the  muscles  are  a  seat  of  heat  production.    Though  a 
muscle,  considered  as  a  machine  converting  potential  energy 
into  work  and  heat,  is  more  economical  than  the  best  devised 
steam-engine,  yet  at  a  low  computation  four-fifths  of  the  potential 
energy  set  free  in  causing  a  contraction  is  given  out  as  heat.  The 
large  proportion  of  the  body  weight  which  is  formed  by  the 
muscles,  and  the  constancy  with  which  muscular  contraction  is 
going  on  even  during  rest,  indicates  that  the  muscles  must  be  a 
highly  important  seat  of  heat  formation.    It  has  been  calculated 
by  different  observers  that  the  total  heat  produced  by  the  heart 
during  the  twenty-four  hours  may  amount  to  100-300  kilocalories. 
Smce  Helmholtz  estimated  the  total  heat  loss  from  the  clothed 
surface  of  an  adult  in  twenty-four  hours  as  about  2700  kilo- 
calories, it  is  obvious  that  the  heat  produced  by  heart  action  alone 
can  cover  a  not  inconsiderable  portion  of  that  loss. 

(&)  Heat  Production  in  GZancZs.— Concerning  heat  production 
in  glands  we  are  more  uncertain,  for  though  there  is  no  doubt 
that  in  glands  many  complex  and  extensive  chemical  processes 

'  The  gross  values  are  those  yielded  by  complete  combustion  of  the  given  sub- 
stance, but  in  the  case  of  proteid  the  value  given  (4-1)  is  that  of  the  heat  value  less 
the  heat  value  of  the  urea,  uric  acid,  ammonia  Ac.  that  are  formed;  it  these  be  not 
deducted,  the  heat  value  of  proteid  is  5-5  kilocalories.  The  net  values  are  those  which 
.  are  physiologically  produced  after  all  deductions  for  non-absorption  etc.  have  been 
made.  A  calorie  =  the  amount  of  heat  necessary  to  raise  the  temperature  of  1  gram 
of  water  1°  C. ;  a  kilocalorie  is,  of  course,  one  thousand  times  that  amount. 
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are  going  on,  yet  in  some  of  these,  especially  those  which  are 
synthetical,  heat  must  be  absorbed.  Hence  it  is  difficult  to  say 
on  which  side  the  balance  will  be.  Nevertheless  both  Ludwig 
and  Claude  Bernard  asserted  that  the  submaxillary  saliva  of  the 
dog  is  warmer  than  the  blood  in  the  carotid,  and  Grijns  found 
that  the  urine  immediately  on  its  arrival  in  the  pelvis  of  the 
kidney  is  hotter  than  the  blood  in  the  aorta.  The  fact,  too,  that 
the  temperature  of  blood  in  the  hepatic  vein  of  the  dog  (38-4°- 
39-7°)  is  higher  than  that  of  the  blood  in  the  portal  vein  (38°-39°) 
argues  for  the  production  of  heat  in  the  hver.  Bayliss  and  Hill, 
however,  reinvestigated  the  subject  and  failed  to  find  evidence  of 
any  formation  of  heat  in  the  salivary  glands  by  any  known 
method  of  measuring  variations  in  temperature.  This  result  no 
doubt  depends  upon  the  small  size  of  the  glands  and  the  rapidity 
of  their  circulation. 

(c)  Heat  Production  in  the  Alimentary  Canal. — It  must 
clearly  be  recognised  that  the  heat  produced  in  the  alimentary 
canal  is  only  one  portion  of  the  heat  yielded  by  the  food.  For 
though  disintegration  of  food  occurs  during  the  processes  of 
digestion  in  the  alimentary  canal,  the  final  disintegration  takes 
place  in  the  tissues  of  the  body  generally  and  in  the  muscles  in 
particular.  When,  therefore,  it  was  said  above  that  'the  heat 
produced  comes  from  the  food  consumed,'  it  must  not  be  under- 
stood that  changes  of  the  food  in  the  alimentary  canal  alone  are 
meant,  but  rather  changes  which  go  on  in  various  parts  of  the 
body  until  the  complex  '  food  '  has  been  reduced  by  this  tissue 
and  that,  to  its  lowest  form.  A  large  proportion  of  the  heat  pro- 
duced in  the  alimentary  canal  is,  of  com^se,  produced  in  the 
muscles  which  are  connected  with  this  tract.  A  certain  amount 
of  heat  is  no  doubt  produced  by  the  fermentative  and  other 
changes  undergone  by  the  food  in  the  alimentary  canal  as  the 
result  of  bacterial  action,  but  of  this  we  have  as  yet  no  measure. 

(ii)  Heat  Loss  or  Thermolysis.— The  principal  seat  of  heat 
loss  is  the  skin,  which,  being  normally— except  in  the  tropics— of 
a  higher  temperature  than  the  surrounding  air,  constantly  gives 
up  heat  by  conduction  and  radiation.  In  those  animals  in  which 
sweat  glands  are  well  developed,  the  heat  lost  by  evaporation  is 
of  equal  if  not  of  greater  importance.  Heat  is  also  lost  to  the 
body  by  respiration,  for  the  air  which  enters  the  lungs  is— agam 
except  in  the  tropics,  and  under  extraordinary  circumstances— 
cooler  than  that  which  leaves  them,  and  the  difference  is  supplied 
by  the  heat  of  the  body.  Since  expired  air  is  almost  completely 
saturated  with  moisture,  evaporation  from  the  respiratory  tract 
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f«;lso  plays  an  important  part  in  thermolysis.  ■  The  ainomit  of  heat 
lost  by  respiration,  like  the  amount  lost  by  radiation  and  conduo- 
tion  from  the  skin,  no  doubt  varies  inversely  with  the  external 

•  temperature,  so  long  as  that  temperature  is  lower  than  the  tem- 
perature of  the  animal.  Of  the  total  heat  lost  by  the  body  it  has 
been  estimated  that  about  80  per  cent,  is  lost  by  the  skin  and 
about  20  per  cent,  by  the  lungs.  Such  loss  as  is  due  to  warming 
of  ingested  food,  to  heat  lost  along  with  faeces  and  urine,  is  rela- 
tively so  small  that  it  may  be  entirely  neglected. 

II.  Normothermia.— (i)  Variations  in  Temperature  Com- 
patible with  Normality. — The  heat  produced  in  the  muscles  &g. 
and  the  heat  lost  by  the  skin  &c.  are  so  balanced  that  in  warm- 
blooded animals  a  relatively  constant  temperature  results.  This 
temperatm-e,  however,  is  not  absolute  for  all  varieties  of  warm- 
blooded animals,  nor  are  the  limits  of  variation  consistent  with 
health  the  same  in  all  animals.  The  following  values  are  given 
by  Eichet  as  the  mean  temperatures  of  certain  animals : 


Man 

.    37-0°  C.   (98-6°  F.) 

Sheep 

39-5° 

C.  (103-1° 

F.) 

Ass 

.    37-4°  C.   (99-3°  F.) 

Pig.  . 

39-7° 

C.  (103-3° 

F.) 

Horse 

.    37-7'  C.  (100-0°  F.) 

Wolf 

40-5° 

C.  (104-9° 

F.) 

Monkey  . 

.    38-1°  C.  (100-6°  F.) 

Falcon  . 

40-5° 

C.  (104-9° 

F.) 

Cat . 

.    38-8°  C.  (101-8°  F.) 

Hen 

42-2° 

C.  (108-0° 

F.) 

Dog       .  . 

.    39-0°  C.  (102-2°  F.) 

Eaven 

42-8° 

C.  (109-0° 

F.) 

Guinea-pig 

.    39-1°  C.  (102-4°  F.) 

Sparrow  (Summer) 

43-7° 

C.  (110-7° 

F.) 

Eabbit  . 

.    39-5°  C.  (103-1°  F.) 

The  limits  of  variation  consistent  with  health  are  not  known 
for  all  these  animals,  but  that  the  limits  are  in  some  cases  very 
wide  is  shown  by  the  following  examples.  They  are  taken  prin- 
cipally from  Pembrey's  article  on  '  Animal  Heat '  in  Schafer's 
'  Physiology  for  Advanced  Students.' 


Man   36-15°-37-8<^  C.  j  Guinea-pig     .       .       .  37-0°-39-2°  0. 

Horse  ....  36-1°  -38-6°  C.     Eabbit    ....  37-0°-40-8°  C. 

Monkey       .       .       .  36-9°  -39-7°  C.  !  Sheep     ....  38-5°-41-8°  C. 

Cat       ...       .  37-9°  -39-7°  C.  i  Pig   38-7°-40-8°  0. 

Dog      ...      .  37-1°  -39-9°  C.  | 


Besides  the  limits  which  have  been  given  above,  the  tempera- 
ture of  man  (and  probably  also  that  of  all  other  warm-blooded 
animals)  undergoes  diurnal  variations,  the  highest  point  (about 
87-5°  C.)  being  reached  between  5  p.m.  and  7  p.m.,  the  lowest 
(about  36-4°  C.)  between  4  A.M.  and  7  a.m.  The  normal  diurnal 
range  therefore  is  1-1*5°  C.  Apparently  this  diurnal  variation 
depends  upon  activity  and  feeding  during  the  daytime,  for  Mosso 
and  others  have  shown  that  the  curve  tends  to  become  inverted 


392 


THE  PATHOLOGY  OF  HEAT  REGULATION 


if  the  individual  works  and  feeds  at  night  and  sleeps  during  the 
day.  Nevertheless,  the  careful  observations  of  Hoover  and  SoU- 
mann,  made  hourly  upon  a  hypnotised  fasting  man  for  eight 
consecutive  days,  show  diurnal  variations  of  approximately  the-, 
ordinary  kind.  Diurnal  variations  are  therefore  not  dependent 
upon  these  factors  alone. 

Now  the  constancy  of  temperature — using  that  term  in  a 
broad  sense — that  obtains  in  warm-blooded  animals  obviously 
depends  upon  the  existence  of  a  direct  ratio  between  heat  pro- 
duction and  heat  loss.  Were  the  heat  produced  even  under 
ordinary  circumstances,  by  the  chemical  processes  continually 
going  on  in  the  body,  to  accumulate  without  heat  loss,  the  tem- 
perature of  the  individual  in  twenty-four  hours  would  be  raised 
by  about  48°  C,  an  amount  which  would  be  incompatible  with 
life,  if  for  no  other  reason  than  because  of  the  coagulation  of  the 
body-proteids  to  which  it  would  lead.  The  normal  loss  of  heat 
prevents  this  from  taking  place,  but  were  a  healthy  individual  to 
undergo  excessive  muscular  exertion  with  its  corresponding  in- 
crease in  heat  production,  while  his  loss  of  heat  though  '  normal ' 
remained  unaltered,  his  temperature  would  infallibly  rise.  In  the 
same  way,  if  the  heat  loss  obtaining  under  conditions  of  rest  at  a 
temperature  of  15°  C.  were  to  obtain  also  when  the  individual,, 
still  kept  at  rest,  was  placed  in  an  atmosphere  at  0°  C,  his 
temperature  would  infallibly  fall.  Neither  of  these  contingencies 
would  actually  arise ;  in  the  first  case,  because  the  individual 
would  increase  his  thermolysis,  and  in  the  second  case,  partly 
because  he  would  diminish  thermolysis,  partly  because  he  woul^ 
increase  thermogenesis. 

But  though  the  failure  of  a  rise  of  internal  temperatm^e  in  a. 
case  where  an  abnormal  amount  of  heat  is  being  produced  must 
of  necessitj'  depend  upon  a  proportionate  increase  in  heat  loss,  it 
does  not  follow  that  the  absence  of  a  fall  in  temperature  of  an 
individual  on  exposure  to  a  low  external  temperature  depends-, 
alone  or  at  all  upon  a  diminished  loss  of  heat.  The  heat  loss^ 
may  in  this  latter  case  remain  the  same,  or  even  be  increased, 
and  yet  the  temperature  of  the  individual  will  be  maintained  if 
he  produces  a  proportionately  greater  amount  of  heat.  Such  a 
condition  as  this  can  be  well  seen  in  the  case  of  athletic  sports, 
undertaken  during  the  winter.  The  temperature  of  the  air  being 
greatly  below  that  of  the  skin,  and  the  tendency  to  coohng  of 
the  body  being  great,  one  might  expect  that  such  mechanisms  as- 
dhninish  heat  loss  would  be  called  into  play,  but  the  flushed  con- 
dition of  the  skin  and  the  increased  rapidity  of  respiration  are 
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evidence  that  thermolysis  is  increased.  Indeed,  if  the  heat  loss 
were  not  increased,  the  increased  heat  production  in  the  muscles, 
would  not  only  maintain  the  normal  temperature,  but  cause  an 
actual  rise. 

Though,  theoretically,  regulation  of  heat  production  in  corre- 
spondence with  heat  loss,  or  regulation  of  heat  loss  in  correspond- 
ence with  heat  production,  would  either  of  them,  alone,  sufi&ce 
for  the  maintenance  of  an  even  temperature,  this  end  is  attained 
in  warm-blooded  animals  not  by  means  of  either  the  one  or  the 
other  process  alone,  but  by  the  interaction  of  both.  The  advan- 
tage to  the  economj^  of  such  an  interaction  is  manifest,  and  when 
it  is  recognised  that  there  are  limits  both  to  thermogenesis  and  to' 
thermolysis,  it  is  clear  that  without  such  interaction  the  range  of 
external  conditions  under  which  existence  would  be  possible  would! 
be  seriously  contracted. 

The  constancy  of  temperature  observed  in  a  healthy  individual 
from  day  to  day  being  dependent  upon  an  equilibrium  between 
his  heat  production  and  his  heat  loss,  it  is  necessary  that  the- 
seats  of  these  two  processes  should  be  brought  into  close  relation- 
ship with  one  another.    This  connection  is  made  by  the  blood.. 
The  heat  formed  in  muscles  and  glands  is  conveyed  away  from 
these  parts  by  the  blood  which  circulates  through  them,  and  goes; 
to  heat  the  superficial  parts  ;  the  blood  from  which  heat  has  been 
removed  during  its  passage  through  the  skin  and  lungs  goes  to 
cool  the  heat-producing   tissues.    Hence   there   is   always  a. 
tendency  for  the  production  of  one  uniform  temperature  through- 
out the  body.    Nevertheless,  perfect  uniformity  of  temperature  is 
never  attained  during  life.    The  temperature  of  deeper  parts  is 
always  higher  than  the  temperature  of  more  superficial  parts  ; 
thus  the  temperature  in  the  rectum  is  ordinarily  about  half  a 
degree  higher  than  that  in  the  mouth  or  in  the  axilla,  and  a. 
variable  number  of  degrees  higher  than  that  of  exposed  super- 
ficial parts.    In  many  cases  the  temperature  of  deeper  parts  is- 
higher  than  that  of  exposed  superficial  parts  by  a  very  consider- 
able number  of  degrees  (7°  F.  or  more).    This  great  difference,, 
however,  does  not  depend  so  much  upon  a  rise  of  internal  tem- 
perature as  upon  a  fall  in  superficial  temperature,  for  the  deeper 
parts  are  protected  from  those  conditions  of  external  temperature- 
which  are  capable  of  inducing  a  marked  fall  in  surface  tempera- 
ture.   Nevertheless,  in  fever  the  difference  between  internal  and 
superficial  temperatures  may  be  great,  not  only  because  the- 
surface  is  cooler,  but  also  because  at  the  same  time  the  deep 
parts  are  warmer  than  normal. 
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(ii)  The  Means  whereby  Heat  Reg-ulation  is  carried  out.^ 

The  means  whereby  heat  regulation  is  carried  out  are  many  and 
different.  It  will  be  necessary  to  consider  them  (a)  when  heat  loss 
is  to  be  increased,  (b)  when  heat  loss  is  to  be  diminished,  (c)  whep 
heat  production  is  to  be  increased,  (d)  when  heat  production  is  to 
be  diminished.    Each  of  these  will  be  briefly  dealt  with. 

(a)  When  heat  loss  is  to  be  increased  the  seats  of  heat  loss 
become  congested,  and  the  functions  connected  with  those  parts 
are  exercised  to  a  greater  extent.  Thus  the  skin  becomes  red 
and  hot,  and  the  sweat  glands  secrete  with  greatly  increased 
vigour,  the  rate  of  respiration  is  increased,  and  such  natural 
means  of  warming  the  air  before  its  entry  into  the  lungs  as 
respiration  through  the  nose,  are  no  longer  utilised ;  the  animal 
breathes  rapidly  with  widely  open  mouth,  and  the  inspirations 
are  shallower  than  normal.  His  heart  beats  more  rapidly  and 
quickens  the  blood-stream  in  the  dilated  peripheral  blood-vessels. 
He  exposes  as  much  of  his  surface  to  well-conducting  materials  as 
possible  :  if  human,  he  discards  clothing ;  if  lower  animal,  he 
stretches  himself  out  at  full  length  and  brings  as  much  of  his 
body  in  contact  with  the  ground  as  possible.  At  the  same  time, 
by  a  cessation  of  voluntary  muscular  action  he  reduces  heat 
production  to  a  minimum. 

(h)  When,  on  the  other  hand,  loss  has  to  be  diminished,  the 
blood-vessels  of  the  skin  contract,  the  skin  becomes  pale  or  even 
.bluish,  while  the  sweat  glands,  in  those  animals  possessing  them, 
cease  to  secrete.  If  human,  he  assumes  a  crouching  position, 
and,  aiding  nature  by  art,  wraps  himself  in  badly  conducting 
material,  or  lights  a  fire  to  diminish  the  difference  between  his 
own  temperature  and  that  of  the  external  air.  If  lower  animal, 
he  assumes  a  crouching  position,  while  the  hair,  feathers,  or  fur 
'  stands  on  end,'  and  by  the  increased  amount  of  dry  air  which  it 
holds  between  its  meshwork,  surrounds  the  animal  with  a  greater 
thickness  of  badly  conducting  material.  At  the  same  time  he 
increases  his  heat  production  by  the  various  means  about  to  be 
•  described. 

(c)  When  heat  production  has  to  be  increased,  the  animal 
makes  use  of  the  two  sources  of  heat  production,  muscular  action 
and  food.  He  becomes  more  active  in  his  movements,  runs, 
leaps,  and,  in  addition  to  these  voluntary  actions,  he  may  shiver, 
shivering  being  probably  the  natural  means  whereby  heat  pro- 
duction is  increased  ;  he  takes  more  food,  and  especially  fats,  for 
long  before  physiology  had  demonstrated  that  the  heat  value  of 
fat  is  high,  the  dweller  in  northern  regions,  such  as  the  Eskimo, 
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had  learnt  the  fact  by  practical  experience.  At  the  same  time  he 
diminishes  heat  loss  as  far  as  possible. 

(d)  When  heat  production  has  to  be  diminished,  the  animal 
acts  in  the  opposite  manner.  He  ceases  to  exert  himself  and 
eats  little.  The  indolence  and  capricious  appetite  of  dwellers 
in  tropical  countries  have  their  physiological  meanings  in  con- 
nection with  heat  regulation. 

Of  the  means  that  have  been  described,  the  vascular,  cardiac, 
and  hidrotic  obviously  depend  upon  the  nervous  system.  But  in 
addition  to  these  means,  which  we  may  call  indirect,  there  is 
reason  to  believe  that  the  nervous  system  exerts  a  direct  influence 
•  upon  heat  production  at  least.  For  in  the  neighbourhood  of  the 
crucial  sulcus  (Wood)  and  of  the  corpus  striatum  (Aronsohn  and 
Sachs)  there  are  regions  injury  of  which  leads  to  an  increase  of 
temperature  (in  man  on  the  other  side  of  the  body)  apart  from 
obvious  vaso-dilatation,  and  with  the  coexistence  of  muscular 
paralysis.^  Claude  Bernard,  from  experiments  on  the  rabbit's 
ear  after  section  of  the  cervical  sympathetic,  concluded  that  there 
are  definite  nerves  controlHng  temperature  (;)ierfs  calorifigues, 
nerfs  frigorifiques).  But  though,  from  the  discoveries  of  Wood 
and  Aronsohn  and  Sachs,  we  are  perhaps  led  to  believe  in  the 
existence  of  cerebral  heat  centres,^  which  may  be  independent  of 
motor  centres  and  vaso-motor  centres,  the  existence  of  special 
nerves  is  very  uncertain.  Though  we  must  probably  acknowledge 
the  existence  of  special  impulses  in  connection  with  heat  pro- 
duction, the  paths  by  which  those  impulses  travel  cannot  be 
separated,  at  present,  from  those  along  which  motor  and  vaso- 
motor impulses  travel. 

It  is  uncertain  how  the  peripheral  changes  which  lead  to  the 
constriction  or  dilatation  of  blood-vessels  are  brought  about. 
One  is  naturally  inclined  to  regard  the  vascular  change  as  a 
reflex  act,  and  the  central  and  efferent  portions  can  easily  be 
locahsed  in  the  vaso-motor  centre  and  in  the  vaso-motor  nerves, 
but  with  regard  to  the  afferent  nerves  we  are  in  doubt.  Heiden- 
hain  found  that  electrical  and  mechanical  stimulation  of  sensory 
nerves  and  of  the  cord  lead  to  a  rise  of  central  blood-pressure  and  a 
fall  of  central  temperature,  and  thence  concluded  that  the  vaso- 
motor and  the  thermo-regulatory  centres  are  distinct,  but  neither 

'  Curare,  given  in  moderate  doses,  has  been  said  to  lead  to  no  tall  of  temperature, 
sometimes  even  to  a  rise,  in  spite  of  the  muscular  paralysis  which  it  occasions 
(Hogyes,  Mosso),  but  this  is  doubtful,  cf.  p.  408. 

'  For  a  criticism  of  the  current  view  as  to  the  existence  of  definite  thermogenetic 
centres,  see  Pembrey's  article  on  '  Animal  Heat '  in  Schiifer's  Physiology. 
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his  results  nor  his  conckisions  have  escaped  adverse  criticism. 
The  question  is  far  from  a  simple  one.  The  author  has  shown 
that  in  the  mouth,  local  application  of  heat  raises  the  temperature 
of  the  mouth,  and  local  application  of  cold  lowers  its  temperature, 
both  of  which  results  might  have  been  expected.  But  he  also 
showed  that  merely  holding  in  the  mouth  for  two  minutes  water 
the  temperature  of  which  was  the  same  as  the  initial  temperature 
of  the  mouth  (98*4°  F.),  is  sufficient  to  raise  the  temperature  of 
the  mouth  -5°  F.,  and  that  the  effect  is  not  increased  if  a  stimu- 
lant to  salivary  secretion  such  as  clove  water  is- substituted  for 
distilled  water.  Moreover,  the  duration  of  the  rise  of  temperature 
in  the  mouth  is  very  considerable,  for  both  after  holding  water  at 
140°  F.  and  water  at  98"4°  F.  in  the  mouth,  the  temperature  of 
the  mouth  is  still  found  to  be  above  its  initial  point  three-quarters 
of  an  hour  later.  Conditions  such  as  these  preclude  all  possibility 
that  the  rise  of  temperature  is  merely  of  a  physical  nature,  and  it 
is  difficult  to  understand,  at  least  in  the  case  of  water  at  98-4°  F.,. 
any  other  afferent  nerves  as  being  concerned  in  the  reflex  act  than 
those  concerned  with  ordinary  sensation. 

(iii)  Metabolic  Chang-es  associated  with  Normal  Heat  Pro- 
duction :  The  Respiratory  Quotient. — Since  by  far  the  greater 
number  of  the  changes  leading  to  heat  formation  are  of  an 
oxidative  character,  and  since  the  amount  of  oxygen  absorbed 
from  the  lungs  is  independent  of  the  amount  present  in  the 
atmosphere,  and  since  this  oxygen  principally  enters  into  com- 
bination with  carbon  and  with  hydrogen  to  form  carbon  dioxide 
and  water,  estimation  of  the  amounts  of  oxygen  taken  up  in' 
respiration,  and  of  carbon  dioxide  and  water  given  off,  afford 
valuable  information  concerning  the  oxidative  processes  going  on 
in  the  body  generally. 

Now,  though  estimation  of  the  amount  of  oxygen  absorbed 
will  not  give  any  information  concerning  the  amount  of  heat 
produced,  unless  we  know  whether  it  has  been  used  in  the 
oxidation  of  fat  or  of  proteid  or  of  carbohydrate,  owing  to  the 
different  heat  values  of  these  substances,  and  though  the 
amount  of  expired  carbon  dioxide  gives  no  information  as  to 
the  kind  of  substance  that  has  been  broken  up  in  its  formation, 
the  case  is  different  with  the  'respiratory  quotient,'  by  which 

volume  of  CO,  excreted  .  ,  For 

v&e-oTo:,lSsoSed      commonly  expressed,  lo^ 

the  respiratory  quotient  is  a  relatively  constant  quantity  m 
normal  animal  upon  a  fixed  diet,  so  that,  if  without  any  change 
in  the  diet  the  respiratory  quotient  of  an  animal  undergoes  change. 
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nformation  is  given  of  a  change  in  the  metabohc  processes  going 
I  m  in  the  animal  itself. 

Further,  an  indication  is  given  as  to  the  nature  of  the  change 
n  metabolic  processes  by  the  direction  undergone  by  the  respira- 
tory quotient.    For  the  respiratory  quotient  varies  according  to 
ithe  diet  upon  which  the  animal  is  fed.    If  the  diet  be  carbo- 
hydrate, the  respiratory  quotient  is  approximately  1,  since  in 
Bphtting  up  carbohydrate  into  CO,^  and  H^O,  0  is  needed  for 
■combination  with  the  C  alone.    Where,  on  the  other  hand,  the 
diet  is  fat,  besides  such  0  as  is  needed  to  oxidise  the  C  of  the  fat 
to  CO2  a  certain  amount  of  0  is  needed  to  supplement  the  0 
.already  present  in  the  fat,  in  the  formation  of  HgO.from  the  H  of 
Ithe  fat.    Hence  the  volume  of  0  absorbed  is  greater  than  where 
!the  diet  is  carbohydrate,  and  the  respiratory  quotient  is  less  (-7). 
i^With  a  proteid  diet  the  value  is  about  -73,  and  with  a  mixed 
;.diet,  such  as  that  of  man,  about  -85.    Consistently  with  the 
•values  given  above,  Pfliiger  found  that  the  respiratory  quotient 
•of  the  herbivora  is  -Q-l-O,  and  that  of  the  carnivora  •75--80. 
^According  to  Pfliiger,  the  respiratory  quotient  is  a  highly  stable 
1  quantity,  and  depends  solely  upon  the  metabolic  processes  going 
>on  in  the  animal,  but  this  is  denied  by  many  authors  of  high 
-repute  (Vierordt,  Voit,  Zuntz,  and  others),  who  maintain  that 
lit  may  be  altered  by  voluntary  variation  of  rate  and  depth  of 
respiration,  and  by  muscular  exertion.    Nevertheless  the  value  of 
:; the  ^factor  itself  as  an  indicator  of  the  hmcl  of  change  that 
^is  going  on  in  starvation  or  in  fever,  for  example,  cannot  be 
;  gainsaid. 

When  first  the  subject  of  heat  formation  was  investigated,  it 

•  was  held  that  the  body  heat  is  derived  from  destruction  of 
proteid,  but  after  the  well-known   experiment   of  Fick  and 

•  Wislicenus  the  pendulum  of  opinion  swung  back,  and  it  was  the 
carbohydrates  that  were  held  responsible,  such  destruction  of 
proteid  as  occurs  being  regarded  as  derived  from  direct  tissue 

•  waste  of  the  heat-producing  parts.  At  the  present  time  it  is  held 
that  the  pendulum  swung  too  far  in  this  direction,  for  the  fact 
that  body  heat  can  be  maintained  during  starvation,  and  the  fact 
that  during  the  starvation  the  respiratory  quotient  sinks  till  it 
is  equal  to  that  of  an  animal  on  a  pure  proteid  diet,  show  that 
if  there  be  necessity  proteids  can  be  used  as  fuel.  When,  indeed, 
a  starving  animal  has  exhausted  his  store  of  carbohydrate  and  fat 
he  falls  back  on  his  proteid.  Thus  Lehmann  and  Zuntz  found 
that  the  respiratory  quotient  of  a  man  undergoing  a  long 
voluntary  fast  was  -Id  on  the  last  day  on  which  he  took  food,  -08 
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on  the  first  day  of  the  fast,  -65  on  the  second  day,  and  constant 
at  this  point  for  the  next  10-12  days. 

But  though  the  respiratory  quotient  is  a  relatively  constant 
quantity,  the  factors  of  which  it  is  composed  are  in  the  highest 
degree  variable.  With  exercise  the  absorption  of  oxygen  and 
the  output  of  carbonic  acid  and  water  increase  enormously. 
According  to  Speck,  a  marked  increase  of  oxygen  consumption 
occurs  even  with  such  slight  movements  as  changing  the  position 
of  the  limbs,  opening  and  shutting  of  the  hands,  &c. ;  of  course 
with  these  same  movements  there  goes  an  increased  output  of 
carbon  dioxide.  With  exposure  to  a  low  external  temperature 
both  oxygen  consumption  and  carbon  dioxide  output  are  increased, 
and  to  a  degree  that  is  approximately  proportional  to  the  lowering 
of  external  temperature.  In  small  animals,  such  as  the  rabbit, 
guinea-pig,  cat,  this  may  be  well  marked  in  the  complete  absence 
of  obvious  muscular  action,  but  in  man,  according  to  Lowy,  no 
increase  in  metabolism  takes  place  if  shivering  be  prevented  by  a 
strong  effort  of  will. 

III.  Hyperthermia. — It  has  already  been  mentionsd  in 
passing  that  there  are  limits  beyond  which  on  either  side  heat 
production  and  heat  loss  are  powerless  for  the  maintenance  of  a 
constant  temperature  ;  the  temperature  of  an  individual  exposed 
to  excessively  high  or  excessively  low  temperatures  for  more  than 
a  very  short  time,  rises  or  falls  as  the  case  may  be. 

Now,  since  we  have  placed  the  higher  limit  of  temperature- 
variation  compatible  with  normality  in  man  at  37'8°  C,  it  follows 
that  temperatures  above  this  should  be  regarded  as  pathological ;. 
bat  in  some  cases  the  symptoms  accompanying  such  hyper- 
thermia are  so  slight  and  so  transient  that  they  can  hardly  be 
removed  from  the  category  of  physiological  phenomena.  Thus 
immersion  in  a  bath  at  44-6°  C.  (112°  F.)  for  twelve  minutes  will 
raise  the  temperature  of  an  individual  (taken  in  the  mouth)  from 
36-8°  C.  to  39-6°  C.  (98-2°  F.  to  103-2°  F.)  and  will  lead  to  faint- 
ness,  palpitation,  and  rapid  breathing ;  but  though  the  temperature 
on  leaving  the  bath  is  undoubtedly  hyperthermic,  the  symptoms 
are  those  associated  with  a  great  exercise  of  the  mechanisms 
presiding  over  heat  loss,  and  therefore  cannot  with  justice  be 
called  pathological.  The  hyperthermia,  too,  disappears  or  even 
gives  place  to  a  slight  degree  of  hypothermia  in  about  an  hour,  sO' 
that  in  spite  of  the  great  rise  of  bodily  temperature  the  condition 
cannot  be  considered  as  over  the  border  line  separating  physiology 

from  pathology. 

In  the  example  given  we  have  a  case  of  hyperthermia  due^ 
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■principally  to  diminution  (temporary,  it  is  true)  in  heat  loss;  ! 
production  of  heat  is  not  increased  excepting  by  the  muscular  \ 
i  action  involved  in  increased  respiration.    At  the  same  time,  heat  | 
is  directly  added  to  the  body  from  without,  as  the  temperature  of  i 
the  bath  is  higher  than  that  of  the  blood.    Hyperthermia  may  ' 
•  also  be  produced  if  thermogenesis  is  increased  beyond  the  counter-  | 
balancing  powers  of  thermolysis  ;  excessive  muscular  exertion,  for' 
example,  can  certainly  raise  the  temperature  of  an  individual,, 
•especially  when  external  conditions  are  such  that  the  possibility  I 
•of  compensatory  thermolysis  is  at  the  same  time  diminished,  as  | 
i  after  a  hard  game  at  tennis  in  the  summer. 

It  is  when  all  three  conditions,   increased  thermogenesis,  .  ■ 

Idiminished  possibility  of  thermolysis,  and  actual  addition  of  heat  ■ 
:,to  the  body,  are  present,  that  hyperthermia  is  most  marked,  and 
ithere  is  then  no  doubt  as  to  its  pathological  nature,  since  in  not  a  i 
•few  cases  death  of  the  patient  occurs.     Such  are  cases  of  insola-- 
.  tion  or  heat-apoplexy.  ; 

.  (i)  Hyperthermia    from    continued  Exposure   to  High. 
sExternal  Temperatures. — The    actual    point    to    which  the  ; 
1  temperature  of  an  animal  can  be  raised  without  the  surperventioni  ! 
of  death  varies  according  to  circumstances.    Speaking  generally,.  .| 
lit  is  5°-6°  C.  above  the  mean  normal  temperature  (Cohnheim),.  \ 
.^but  Kosenthal  has  shown  the  important  and  curious  fact  that  a  i 
ikind  of  active  immunity  to  heat  can  be  produced  by  repeated  ; 
'  exposure  of  the  animal  to  a  temperature  lower  than  that  which, 
swould  have  been  fatal  had  such  an  '  immunisation '  process  not 
)been  undergone.    Such  previously  prepared  animals,  when  agaim  I 
■  exposed  to  a  high  temperature,  show  signs  of  heat  retention,  it  is 
true,  but  those  signs  are  much  less  marked,  the  temperature  does.  j 
not  rise  to  so  high  a  point,  the  respirations  and  the  pulse  are  not 
so  greatly  accelerated,  the  general  distress  is  less. 

The  temperature  which  the  external  medium  must  attain  before 
signs  of  hyperthermia  appear  is  profoundly  modified  by  other  ■ 
conditions.  Water  is  effective  at  a  much  lower  temperature  tham 
air,  air  fully  charged  with  moisture  at  a  lower  temperature  than' 
i  dry  air,  still  air  at  a  lower  temperature  than  moving  air.  All 
ihese  factors,  of  course,  have  bearings  upon  evaporation,  and  since' 
I  evaporation  is  one  of  the  most  effective  means  for  increasing  heat  .  ! 

;  loss,  those  conditions  that  hinder  evaporation  favour  the  occur-  ■ 
rcnce  of  heat  retention.    A  man  who  can  remain  in  dry  air  at  a  ' 
temperature  of  60''-70°  C.  for  half  an  hour  will  probably  not  be 
able  to  remain  the  same  length  of  time  in  a  vapour  bath,  though 
the  temperature  is  not  above  45°  C.  ;  and  in  any  case  his  body 
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iemperatiire  on  leaving  the  vapour  bath  will  be  higher  than  on 
leaving  the  hot-air  bath.  Where  muscular  exertion  has  also  to  be 
undergone  in  a  medium  the  temperature  of  which  is  high, 
symptoms  of  hyperthermia  arise  at  a,  considerably  lower  external 
temperature.  Thus  workers  in  tunnels  and  in  mines  can  hardly 
support  a  temperature  of  40°  C.  however  dry  the  air  supphed  to 
them  may  be  ;  in  the  quicksilver  mines  of  Sierra  Nevada,  where  the 
temperature  is  42-2°-46-7°  C,  a  man  cannot  work  for  longer  than 
ten  minutes. 

The  symptoms  presented  by  a  hyperthermic  animal  when  its 
temperature  is  reaching  a  dangerous  height  are  those  of  severe 
distress,  respiration  and  pulse  are  accelerated,  and  the  animal  lies 
outstretched  to  present  the  greatest  possible  surface  for  loss  of 
heat.  If  its  temperature  still  rises,  it  becomes  dull  and  heavy, 
•even  paralytic,  the  pupils  are  dilated,  the  pulse  fluttering  and 
hardly  to  be  counted,  and,  immediately  before  death,  convulsions 
may  show  themselves.  The  symptoms  produced  in  sunstroke  or 
heat-apoplexy  are  very  similar;  the  face  is  red,  pupils  dilated, 
respiration  increased,  heart  fluttering,  the  patient  collapsed  and 
•delirious,  his  temperature  raised  perhaps  to  44°  C.  (111°  F.), 
and  often  death  is  preceded  by  convulsions.  When  it  is  re- 
membered in  addition  that  heatstroke  especially  affects  indi- 
viduals labouring  in  a  hot,  moist,  and  still  atmosphere,  such  as 
soldiers  marching  in  close  order  during  the  daytime  in  the  tropics, 
stokers  working  in  engine-rooms,  hay-makers  and  harvesters, 
there  can  be  no  doubt  that  heat  retention  is  the  true  cause  of  the 
condition.  Though,  even  with  copious  sweating,  hyperthermia 
cannot  be  prevented  if  the  temperature  of  the  external  air  be 
very  high,  the  dangers  of  hyperthermia  are  much  increased  if 
sweating  ceases,  as  it  is  likely  to  do  unless  fluid  be  drunk  freely 
to  replace  the  fluid  lost  by  the  skin.  To  this  point  reference 
will  be  made  when  discussing  the  Pathology  of  Collapse. 

The  cause  of  death  in  hyperthermia  is  somewhat  uncertain. 
Claude  Bernard  thought  that  death  depends  upon  coagulation  of 
the  muscle-proteids,  especially  those  of  the  heart ;  but  this  is 
probably  not  the  CSjSG,  ctS  the  coagulation  temperatures  of  the 
chief  muscle-proteids  are  higher  than  the  temperature  reached 
even  in  fatal  hyperthermia  (Halliburton).  Moreover  Laveran  has 
shown  that  when  the  heart  of  an  overheated  dog  has  ceased  to 
beat,  contractions  may  reappear  if  the  animal's  thorax  be  opened 
in  a  cool  room  ;  it  is  hardly  conceivable  that  this  would  be 
the  case  if  the  cause  of  cessation  of  heart's  beat  were  coagula- 
tion of  muscle-proteid.    According  to  Ide,  cessation  of  heart 
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action  must  be  attributed  to  alteration  in  the  metabolism  of  the 
cardiac  muscle  and  storage  in  it  of  injurious  by-products,  but 
this  would  not  explain  the  phenomenon  described  by  Laveran. 

But  though,  if  the  hyperthermia  be  not  too  severe,  death  may 
not  supervene,  yet  in  man,  as  in  lower  animals,  hyperthermia, 
especially  if  long  continued,  is  followed  by  serious  results! 
Indeed,  it  is  only  in  slight  cases  that  perfect  recovery  occurs. 
Ill  results  follow,  too,  after  the  hyperthermia  itself  has  dis- 
appeared ;  in  man,  cerebral  symptoms  of  diverse  nature,  weak- 
ness of  intellect  and  of  body,  are  often  seen  after  sunstroke,  and 
m  animals  a  progressive  emaciation  with  ultimate  death.  How 
far  these  symptoms  depend  upon  recognised  anatomical  lesions 
it  IS  difficult  to  say,  but  in  overheated  animals  marked  fatty 
degeneration  of  cardiac  and  skeletal  muscle,  of  hepatic  and  of 
renal  epithelium  is  constantly  seen.    The  actual  effects  of  hyper- 
thermia were  investigated  by  Ziegler  and  Werhovsky.  Eabbits 
were  kept  for  periods  varying  between  two  and  twenty-nine  days 
m  a  chamber  the  temperature  of  which  was  36°-40°  C.    After  a 
few  hours'  sojourn  in  the  chamber  the  body  temperature  of  the 
animals  was  2°-3°  C.  above  normal.    It  was  found  that  the 
most  constant  appearances  were  general  wasting,  diminution  in 
the  haemoglobin  content  of  the  blood  and  in  the  number  of  red 
blood-corpuscles,  moderate  increase  in  the  number  of  leucocytes, 
especially  the  large  hyaline  cells  and  the  'polynuclear  pseudo-^ 
-  eosinophil  '  cells  (finely  granular  oxyphil  cells),  diminution  in 
the  number  of  lymphocytes.     In  the  bone-marrow  and  the 
spleen  there  was  found  an  enormous  increase  in  amount  of 
hfemosiderin,  and,  later,  fatty  degeneration  of  the  liver,  kidney, 
and  heart  were  superadded.' 

The  actual  changes  occurring  in  insolation  were  investigated 
by  Scagliosi.  He  found  that  guinea-pigs  exposed  to  the  sun's 
rays  m  Sicily  died  in  a  period  varying  between  a  quarter  of  an 
hour  and  three  hours  unless  they  were  brought  into  a  cool  place 
before  too  long  an  exposure.  In  the  latter  instance  certain  of 
the  animals  recovered  somewhat  but  died  in  a  few  hours,  often 
after  their  temperature  had  fallen  3°  C.  As  the  result  of  the 
insolation  the  temperature  rose  about  6°  C.  In  all  cases  the 
pathological  changes  were  the  same.  They  consisted  in  great 
hypera3mia  of  the  meninges,  heart,  lungs,  liver,  and  spleen. 
Histologically,  the  ganglion  cells  of  the  brain  and  cord  showed 
marked  degenerative  changes,  particulariy  swelling  and  chromato- 
lysis  of  the  nucleus  with  vacuolisation  and  accumulation  of  the 
chromatic  substance  at  the  periphery.    Definite  but  less  marked 
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Fig.  17.  —  Nerve-Cells  from  a  Case  of 
Hyperthermia,    x  480. 

The  specimen  (stained  by  Nissl's  metliod)  shows 
that  chromatolysis  has  taken  jDlace,  the  Nissl 
bodies  being  completely  lost.  The  nucleus 
is  large,  and  the  nucleolus  clearly  marked. 


changes  were  found  also  in  the  lungs,  heart,  and  kidneys.  Scagliosi 
believes  that  as  the  result  of  the  high  temperature  abnormal  meta- 
bolic products  are  formed 
which  enter  the  blood  and 
act  as  poisons.  The  animals 
which  die  though  brought 
into  a  cool  place  after  inso- 
lation, succumb  from  para- 
lysis of  their  thermolytic 
mechanism.  The  chromato- 
lytic  changes  in  the  gan- 
glion cells  of  the  brain  and 
cord  which  have  also  been 
recognised  by  other  investi- 
gators, are  of  particular 
importance  in  that  they  are 
not  found  in  individuals 
who  have  suffered  from 
hyperpyrexia  before  death, 
(ii)  Hyperthermia  from 
Cerebral  Lesions. — Besides 
hyperthermia  from  exposure  to  high  external  temperature,  i.e.  heat 
retention  due  to  insufficient  heat  loss,  there  is  a  variety  of  hyper- 
thermia due  apparently  to 
increased  heat  production 
of  cerebral  origin  unaccom- 
panied by  a  corresponding 
heat  loss.  It  has  long  been 
known  that  after  compres- 
sion or  laceration  of  the 
cervical  spinal  cord  in  man 
the  temperature  of  the 
patient  may  in  certain  cases 
be  markedly  raised,  and 
similar  results  have  been 
observed  experimentally  in 
rabbits  and  dogs.  But  it 
was  not  until  after  Wood, 
in  an  extensive  series  of 
experiments,  had  shown 
that  in  dogs  a  considerable 
rise  of  temperature  takes  place  after  division  of  the  bulb  from 
the  pons,  and  after  destruction  of  the  first  cerebral  convolution, 


Fig.  18. — Nerve-Cells  from  a  Case  of 
Hyperpyrexia,    x  480.' 

The  specimen  (stained  by  Nissl's  method)  shows 
that  the  Nissl  bodies  are  as  well  marked  as 
in  the  case  of  healthy  nerve-cells. 
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that  the  existence  of  a  cerebral  centre  or  centres  presiding  over 
the  heat  function  began  to  be  a  subject  of  discussion.  Wood's 
results  have  been  confirmed  and  extended  by  a  number  of  investi- 
gators, among  whom  Aronsohn  and  Sachs,  Eichet  and  Ott,  and 
Hale  White  may  be  mentioned. 

Aronsohn  and  Sachs  showed  that  puncture  into  the  corpus 
striatum  produces  a  considerable  rise  of  temperature,  and  that 
this  rise  is  not  due  to  injury  of  the  superjacent  grey  or  white 
matter.  The  rise  of  temperature  being  accompanied  by  an 
increased  destruction  of  proteid,  they  conclude  that  the  hyper- 
thermia is  due  to  increased  heat  production,  a  conclusion  to 
which  Wood  and  Ott,  using  the  calorimeter,  also  come.  Hale 
White,  working  on  rabbits,  found  that  the  regions,  injury  of 
which  lead  to  hyperthermia,  are  essentially  the  corpus  striatum 
«,nd  the  posterior  portion  of  the  cerebral  cortex.  Other  regions, 
■such  as  the  septum  lucidum  and  the  crus,  injury  of  which  produce 
slight  results,  probably  act  by  impHcating  fibres  derived  from  the 
coi-pus  striatum;  the  same  is  probably  true  also,  according  to 
Hale  White,  for  the  hyperthermia  supervening  after  injury  of 
the  anterior  end  of  the  optic  thalamus  (Ott),  for  he  finds  that  the 
rise  is  rarely  greater  than  1°  F..  With  regard  to  the  striate  and 
the  posterior  cerebral  regions,  Hale  White  finds  that  injury  leads 
to  a  difference  in  the  characters  of  the  hyperthermia;  whereas 
after  injury  to  the  corpus  striatum  the  maximum  temperature 
.(about  3°  F.  above  normal)  is  reached  in  16^  hours  after  opera- 
tion, and  hyperthermia  lasts  62 ^  hours,  on  an  average,  after 
Injury  to  the  posterior  cortical  region,  the  maximum  temperature 
(which  is  less  than  that  .with  striate  lesions)  is  reached  in  5  hours, 
and  hyperthermia  lasts  29^  hours. ^ 

With  regard  to  metaboHsm  it  is  certain  that  the  output  of 
nitrogen  is  increased  after  injury  of  this  description,  but  the 
respiratory  exchange  is  probably  unaltered ;  nevertheless  on  the 
latter  point  there  is  a  divergence  of  opinion-.  In  man,  cerebral 
lesions,  such  as  haemorrhage  and  embolism,  are  accompanied  at 
times  by  a  rise  of  temperature,  but  this  is  more  often  seen, 
according  to  Dana,  after  haemorrhage  than  after  lembolism  or 
thrombosis.  Such  a  rise  of  temperature  is  observed  on  the  side 
opposite  to  that  of  the  lesion,  and  has  been  shown  to  accompany 
lesions  of  the  pons,  of  the  corpus  striatum,  and  of  the  cortex. 

'  After  a  rise  of  temperature  procluced  in  this  way  has  disappeared,  a  freah  rise 
may  again  be  produced  by  a  fresh  puncture.    This  fact  and  tlie  rapidity  with  which 
ne  rise  of  temperature  appears,  seem  to  preclude  the  possibility  that  the  thermii.] 
change  is  of  septic  origin. 

D  D  2 


m 


THE  PATHOLOGY  OP  HEAT  EEGULATION 


Hale  White  in  his  Croonian  Lectures  showed  the  temperature- 
charts  of  two  persons  suffering  from  haemorrhage  into  the  corpus, 
striatum,  in  which  the  temperature  in  the  axilla  of  the  side  oppo- 
site to  the  lesion  was  higher  than  that  in  the  axilla  on  the  same 
side  ;  in  one  case  the  chart  shows  that  such  a  difference  persisted 
for  four  days,  in  the  other  for  twelve  days.  Since  in  these  same 
cases  Hale  White  also  found  that  the  surface  temperature  and 
the  secretion  of  sweat  on  the  side  opposite  to  the  cerebral  lesion 
were  greater  than  on  the  same  side,  he  concludes  that  heat  loss- 
was  increased,  and  therefore  that  the  higher  temperature  must 
have  been  due  to  increased  heat  production.  This  increased  heat 
production  was  independent  of  muscular  action  (for  the  arm  was- 
paralysed),  and  was  apparently  independent  of  vaso-dilatation. 
Concerning  the  method  whereby  lesions  such  as  those  which 
have  been  described  lead  to  increased  temperature,  we  are  com- 
pletely ignorant,  and  it  would  not  be  profitable  to  enter  into  o 
discussion  of  the  theories  that  have  been  put  forward,  especially 
as  we  are  still  uncertain  whether  vascular  modifications  can  be 
completely  excluded,  and  how  far,  therefore,  we  have  to  deal  with 
a  strict  increase  of  heat  production. 

(iii)  Hyperthermia  following-  on  the  Administration  of 
certain  Drugs. — It  is  known  that  a  rise  of  temperature  can  be. 
produced  by  the  administration  of  certain  drugs,  but  the  method 
whereby  these  drugs  act  is  in  many  cases  highly  uncertain.  The 
rise  of  temperature  seen  after  poisoning  with  strychnine  niay 
certainly  in  part  be  ascribed  to  the  convulsions  which  characterise 
strychnine  poisoning,  but  since  the  drug  acts  upon  the  nervous 
system,  it  is  doubtful  whether  the  increased  production  of  heat 
in  the  muscles  explains  the  whole  rise  of  temperature.  Bella- 
donna and  cocain,  if  given  in  large  doses,  also  increase  the  temper- 
ature of  the  animal,  but  most  important  in  this  respect  of  all 
known  drugs  is  /3-tetrahydronaphthylamine,  of  which  -075  gm. 
given  to  a  rabbit  weighing  1600  gm.  will  raise  its  temperature 
4'"  C.  in  one  and  a  half  hour  and  cause  death  (Stern).  Since 
poisoning  with  yS-tetrahydronaphthylamine  does  not  lead  to  mus- 
cular activity,  there  is  reason  to  believe  that  the  drug  directly 
influences  heat  production. 

It  is  uncertain  whether  cases  of  high  temperature  seen  ui 
hysterical  patients,  of  high  temperature  seen  after  passage  of  a 
catheter  ('urethral  fever'),  of  high  temperature  seen  in  different 
forms  of  antemia,  of  high  temperature  seen  in  children  during 
teething,  slight  disorders  of  digestion  &c.,  are  to  be  associated 
with  hyperthermia  as  it  has  been  here  described,  or  should  be 
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•included  along  with  fever.  The  characters  of  the  high  tempera- 
ture in  many  of  the  cases  given  are  different  from  those  of  fever, 
-but  not  in  all.  Pembrey  has  found  that  the  power  of  heat  regu- 
lation at  birth  varies  according  to  the  state  of  development  at 
which  the  young  comes  into  the  world  ;  thus  mice,  rats,  pigeons 
act  almost  like  cold-blooded  animals,  whereas  guinea-pigs  and 
chickens,  the  development  of  which  at  birth  is,  very  advanced, 
•react  to  changes  in  external  temperature  like  warm-blooded 
animals  from  the  first.  From  this  it  would  seem  that  stability  of 
.heat  regulation  impHes  a  relatively  high  degree  of  development, 
including  therewith  development  of  the  nervous  system,  so  that 
■the  hyperthermia  of  children  and  of  hysterical  patients,  at  least, 
may  depend  upon  an  instability  or  lower  development  of  nervous 
system,  evidences  of  which  are  also  given  in  other  directions  by 
both  classes  of  person.  Whether  we  may  with  the  necessary 
-modifications  apply  such  a  suggestion  to  the  hyperthermia  of 
.anaemia  is  another  question,  but  there  is  no  doubt  that  the 
^nutritive  condition  of  the  nervous  system  in  anaemia  must  be 
modified  just  as  is  the  nutritive  condition  of  the  heart. 

The  remarkable  elevation  of  temperature  which  is  sometimes 
seen  immediately  before  death,  and  which  from  this  fact  was 
termed  'agonal'  by  Wunderlich,  is  partly  of  the  hyperthermic 
and  partly  of  the  true  febrile  type.  It  must  be  looked  upon  as 
hyperthermic  when  it  arises  in  the  course  of  cerebral  disease,  such 
as  epilepsy  or  cerebral  haemorrhage,  but  as  febrile  in  such  a 
disease  as  rheumatism  or  tuberculous  meningitis  ;  for  in  the  latter 
•examples  there  is  an  exacerbation  of  the  fever  which  is  already 
present,  whereas  in  the  former  examples  '  fever '  as  it  is  considered 
in  the  present  work  is  absent,  and  the  rise  of  temperature  is  an 
isolated  phenomenon, 

IV.  Hypothermia. — Hypothermia  may  result  from  a  variety 
-of  causes :  from  exposure  to  low  external  temperature,  from 
starvation,  from  haemorrhage,  from  the  administration  of  various 
•drugs,  from  injuries  to  the  spinal  cord ;  it  may  also  occur  as  a 
constant  associate  of  certain  diseases  and  as  a  part  of  the  states 
known  as  shock  and  collapse.  The  effects  of  hypothermia  re- 
sulting from  any  of  these  causes  are  always  of  the  same  kind 
however  much  they  may,  and  do,  differ  in  degree,  just  as  the 
effects  of  hyperthermia  are  always  of  the  same  kind.  These 
•effects  consist  in  coldness  and  pallor  of  the  skin,  sometimes  com- 
•bined  with  cyanosis  of  the  extremities,  in  sluggishness  of  muscular 
action,  whether  voluntary  or  involuntary  (thus  respiration  and 
cardiac  action  are  slow,  and  the  activity  of  the  reflexes  is  dimi- 
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nished  or  abolished),  in  a  tendency  to  drowsiness,  or  in  complete' 
coma.  These  symptoms  are  the  more  marked  the  greater  the 
degree  of  hypothermia,  but  a  general  sluggishness  of  nerve  and 
of  muscle  in  hypothermic  persons  and  animals  is  always  notice- 
able. It  is  hardly  necessary  to  point  out  that  this  is  in  great 
contrast  to  the  behaviour  of  the  normothermic  person  when  he 
feels  cold. 

(i)  Hypothermia  from  continued  Exposure  to  Low  External 
Temperature. — The  normal  animal  when  exposed  to  a  low  tem- 
perature diminishes  heat  loss  and  increases  heat  production,  but 
if  the  external  temperature  be  too  low,  or  in  particular  if  heat 
production  be  prevented,  hypothermia  results.  A  naked  man 
cannot  maintain  his  temperature  in  an  external  temperature  below 
27°  C,  and  though  many  animals  can  well  bear  a  lower  external 
temperature  than  this,  they  cannot  do  so  if  they  are  prevented 
from  setting  in  action  the  natural  means  of  increasing  heat  pro- 
duction. The  lowest  rectal  temperature  compatible  with  life  in 
man  is  not  known,  but  Cohnheim  speaks  of  drunken  tramps 
picked  up  during  the  winter  whose  rectal  temperatures  were 
'  30°  C.  to  2G°  C.  or  even  24°  C  •  For  lower  animals  the  minimal 
rectal  temperature  that  can  be  survived,  if  especial  care  be  taken 
in  resuscitation,  is  18°  C.  (Walther),  but  many  of  the  cooled 
animals  die  even  after  they  have  regained  their  normal  tempera- 
ture. The  rise  of  body  temperature  after  cooling  not  uncommonly 
overshoots  the  mark,  and  the  animal's  temperature  is  then  raised 
perhaps  several  degrees  above  normal ;  such  animals  become 
greatly  emaciated  and  generally  die.  It  is  well  in  accordance  with 
the  general  law  that  heat  is  a  more  effective  agent  than  cold,  that 
whereas  a  man  can  survive  a  fall  in  his  temperature  of  13°  C, 
he  can  hardly  survive  a  rise  in  his  temperature  of  6°  C,  and  that 
the  marked  histological  and  functional  lesions  which  follow  on 
hyperthermia  from  exposure  to  abnormally  high  temperatm'es,. 
are  generally  absent  though  a  much  greater  degree  of  hypo- 
thermia has  been  produced  by  exposure  to>  abnormally  low  tem- 
peratures. 

(ii)  Hypothermia  in  the  Course  of  Disease.— A  persistently 
subnormal  temperature  is  characteristic  of  certain  chronic  dis- 
eases. Of  such  diseases  the  various  forms  of  nephritis  and 
myxoedema  are  marked  examples.  Besides-  these,  emphysema 
and  some  other  forms  of  pulmonary  disease,  as  well  as  many  kinds 
of  cardiac  and  chronic  nervous  disease,  are  associated  with  a 
slight  degree  of  hypothermia. 

'  Page  1327,  New  Syd.  Soc.  Trans^- 
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The  degree  of  hypothermia  in  these  cases  is  rarely  great,  but 
it  is  very  constant. .  Usually  the  temperature  oscillates  about  36-7° 
C.  (98°  F.),  being  perhaps  37°  in  the  evening  and  36°  in  the  morn- 
ing, but  it  mtxy  be  lower.  With  regard  to  myxoedema,  a  disease 
associated  v^ith  atrophy  of  the  thyroid  body,  Lorrain  Smith  has 
found  that  after  removal  of  the  thyroid  body  in  cats,  variations  in 
external  temperature  have  an  even  greater  effect  on  heat  production 
than  when  the  animals  are  normal.  This  would  seem  to  suggest 
that  in  myxoedema  it  is  the  mechanisms  presiding  over  heat  loss 
that  are  at  fault  in  determining  the  hypothermia,  rather  than  those 
presiding  over  heat  production.  With  regard  to  the  causes  of  the 
hypothermia  in  the  other  chronic  diseases  mentioned  above  we 
are  ignorant ;  probably  they  are  not  exactly  the  same  in  all  cases. 

In  many  acute  diseases  and  in  surgical  injuries  of  a  severe 
kind  the  temperature  may  undergo  a  sudden  and  marked  diminu- 
tion. This  occurs  in  shock  and  collapse,  conditions  which,  it 
will  be  seen  later,  are  most  commonly  met  with  in  surgical  and 
medical  affections  of  vital  parts,  particularly  the  abdominal  viscera. 
Thus  m  acute  generalised  peritonitis  from  whatever  cause,  in 
severe  injuries  to  abdominal  organs,  in  haemorrhage  from  a  typhoid 
ulcer  or  from  rupture  of  a  tubal  gestation,  the  patient's  tem- 
perature will  probably  be  found  subnormal.  It  is  not  actually 
known  upon  what  fault  in  heat  regulation  the  hypothermia  in 
these  cases  depends,  but  it  is  probable  that  heat  production  and, 
heat  loss  are  both  deranged. 

In  starvation  the  temperature  is  often  very  low,  but  one  must 
distinguish  between  clinical  '  starvation '  and  experimental  starva- 
tion or  fasting.  Experimental  starvation,  even  though  food  is 
entirely  withheld,  is  not  accompanied  by  any  great  alteration  in 
body  temperature  until  starvation  has  been  going  on  for  perhaps 
three  weeks  and  the  animal  is  approaching  death ;  we  have  in 
such  a  disease  as  carcinoma  of  the  oesophagus  a  clinical  example  of 
a  very  similar  condition.  But  in  starvation,  as  a  result  of  extreme 
poverty,  the  case  is  different,  for  the  inability  to  purchase  food 
implies  an  inabihty  to  purchase  clothing,  shelter,  fuel,  and 
therefore  starvation  in  this  sense  implies  starvation  in  the  experi- 
mental sens,eplus  exposure  to  cold.  A  starved  person  is  therefore 
not  only  called  upon  to  produce  heat  in  the  absence  of  food,  but 
more  than  this,  he  is  called  upon  to  produce  an  additional  amount 
of  heat  in  order  to  counterbalance  as  far  as  possible  the  cooling 
brought  about  by  exposure  to  external  cold.  This  excessive 
demand  cannot  long  be  met,  and  starvation  as  a  social  experiment 
causes  more  rapid  wasting,  earlier  fall  of  temperature,  and  earlier 
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death  from  hypothermia  than  starvation  as  a  pathological  experi- 
ment. In  starvation,  after  carbohydrates  and  fats  present  in  the 
body  have  been  consumed  in  heat  production,  the  total  heat  pro- 
duction is  derived  from  combustion  of  proteid. 

(iii)  Hypothermia  from  Administration  of  Drugs.— Many 
drugs  are  known  which  lower  temperature  quite  apart  from  the 
so-called  '  antipyretics '  with  which  we  are  not  at  present  con- 
cerned. Thus  alcohol,  chloroform,  ether,  morphia,  chloral,  curare 
when  given  in  large  doses  produce  a  subnormal  temperature. 
Hypothermia,  too,  is  commonly  seen  after  administration  of 
poisons,  whether  vegetable  (bacterial)  or  animal  (snake),  if  the 
dose  has  been  so  large  as  to  endanger  life. 

These  drugs  probably  act  in  a  variety  of  ways.  Curare  seems 
to  lower  temperature  by  interfering  with  heat  production  in 
the  muscles ;  at  least  in  a  moderately  curarised  frog,  heat 
production  in  the  gastrocnemius,  as  evidenced  by  a  resistance 
thermometer,  is  only  found  to  occur  so  long  as  contraction 
follows  stimulation  of  the  sciatic  nerve.'  In  a  curarised  dog  or 
rabbit  the  heat  production  and  respiratory  exchange  diminish 
by  about  one-third  (Stewart).  Nevertheless,  the  oedema  which 
is  so  readily  produced  in  a  curarised  dog  or  rabbit  seems  to 
show  that  some  alteration  of  the  blood-vessels  has  taken  place, 
and  therefore  it  is  possible  that  increase  of  heat  loss  may  also 
assist  in  producing  the  result. 

Alcohol,  chloroform,  ether,  and  chloral  act  by  their  effects  on 
the  vaso-motor  centre  and  on  metabolism  ;  they  lead  to  exces- 
sive dilatation  of  the  peripheral  blood-vessels,  with  the  con- 
sequent increase  of  heat  loss  to  which  that  peripheral  dilatation 
of  blood-vessels  gives  rise,  and  also  lower  metabolism.  If  these 
changes  are  combined  with  exposure  to  a  low  external  tempera- 
ture, hypothermia  readily  follows.  A  large  proportion  of  those 
persons  who  are  brought  to  hospital  in  a  half-frozen  condition 
in  winter  were  drunk  at  the  time  of  exposure  to  cold ;  the 
popular  idea  that  alcohol  '  keeps  out  the  cold  '  is  a  half-truth 
and  a  highly  dangerous  one. 

The  hypothermia  which  is  often  seen  to  a  marked  extent  in 
cases  of  poisoning  by  acids  and  alkalies,  e.g.  after  poisoning 
with  carbolic  acid,  must  probably  be  referred  more  to  shock 
produced  by  the  extensive  corrosion  of  throat  and  stomach  than 
to  the  actual  amount  of  poison  absorbed.  Shock  also  is  no 
doubt  largely  accountable  for  the  hypothermia  accompanying 
severe  cutaneous  burns. 

'  See  note,  p.  39.5. 
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V.  Fever  or  Pyrexia. — Fever,  like  inflammation,  is  a  clinical 
■ienii,  and  as  such  it  is  a  name  given  to  a  group  of  symptoms. 
-But  it  differs  from  inflammation  in  the  fact  that  whereas  it  -is 
generally  agreed  that  no  single  phenomenon  of  inflammation  can 
he  described  as  '  essential,'  in  fever,  on  the  other  hand,  it  is 
■generally  agreed  that  a  rise  of  body  temperature  is  essential  to  the 
existence  of  the  process.  Nevertheless,  though  a  rise  of  tempera- 
•ture  is  essential  to  the  existence  of  fever,  every  rise  of  temperature 
is  not  febrile.  Under  the  name  'hyperthermia'  a  number  of 
tjonditions  have  been  described  in  which  the  body  temperature  is 
raised,  but  in  these  fever  in  a  strict  sense  is  not  present.  The 
reasons  for  separating  hyperthermia  from  pyrexia  will  be  given 
•later. 

The  symptoms  which  constitute  fever,  besides  the  rise  of 
temperature,  consist  in  alterations  of  cardiac  and  respiratory 
activity,  functional  and  anatomical  alterations  in  certain  tissues, 
alterations  in  metabolism  of  a  certain  kind.  Most  of  these  changes 
•are  also  found  in  hyperthermia,  but  a  few  are  apparently  peculiar 
to  fever. 

(i)  Characters  of  the  Temperature  in  Fever.— A.  Classifica- 
tion of  Febrile  Temperatures.— The  classification  of  febrile 
temperatures  usually  adopted  is  that  suggested  by  Wunderlich. 
•According  to  it  temperatures  varying  between  37°  and  38°  C. 
(98-6°  and  100-4°  F.)  are  described  as  '  subfebrile  ;  '  between  38° 
•and  38-5°  C.  (100-4°  and  101-3°  F.)  as  '  slightly  febrile  ; '  between 
38-.5=  and  39-5°  C.  (101-3°  and  103-1°  F.)  as  '  moderately  febrile  ;  ' 
•between  39-5°  and  40-5°  C.  (103-1°  and  104-9°  F.)  as  '  pronouncedly 
•febrile '  or  *  highly  febrile  ; '  while  temperatures  above  40-5°  C. 
"(104-9°  F.)  are  spoken  of  as  '  hyperpyrexial.' 

B.  The  Stag-es  of  Fever.— On  examination  of  the  temperature 
<ihart  of  a  fever  patient  who  has  been  kept  under  observation 
■during  the  whole  of  his  febrile  attack,  it  will  be  found  in  the 
majority  of  cases  that  the  curve  can  be  roughly  divided  into  three 
■parts  :  (1)  that  in  which  the  temperature  was  rising,  (2)  that  in 
which  the  temperature  maintained  a  high  but  fairly  constant  level, 
(3)  that  in  which  the  temperature  altered  its  characters,  whether 
•that  alteration  was  in  the  direction  of  a  fall  or  of  a  further  rise. 
These  stages  are  seen  in  every  ordinary  case  of  fever,  and  may  be 
••spoken  of  as  (1)  the  initial  stage,  (2)  the  fastigium,  and  (3)  the 
•terminal  stage. 

,  (1)  The  Initial  Stage. — In  the  initial  stage  of  fever  one  has 
'^0  distinguish  between  the  internal  and  the  superficial  tempera- 
-tures  of  the  patient,  for  whereas  the  internal  temperature  rises, 
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the  superficial  temperature  most  commonly  is  found  to  fall.  A 
fall  of  superficial  temperature,  however,  is  not  always  observed, 
for  if  the  initial  stage  be  protracted  the  fall  may  bs  so  small  as 
to  escape  notice. 

The  initial  stage  is  often  marked  by  the  occurrence  of  a  rigor 
or  fit  of  shivering,  which  gives  the  impression  that  the  patient 
is  cold.    That  he  feels  cold  there  is  no  doubt,  and  the  experi- 
ments of  Maragliano  and  of  Geigel  go  far  towards  explaining 
his  sensations.    For  Maragliano  by  means  of  the  plethysmo- 
graph  estimated  the  volume  of  the  arm  in  a  patient  during  the 
initial  stage  of  an  ague  attack,  and  found  that  the  volume  of 
the  arm  decreased  ;  this  decrease  must  be  ascribed  to  the  presence 
in  the  arm  of  a  smaller  amount  of  blood  than  normal.  Geigel's 
experiments   are,  complementary  to  those  of  Maragliano,  for 
Geigel  showed  that  in  the  initial  stage  of  fever,  and  particularly 
during  rigor,  the  surface  temperature  falls.   The  diminished  supply 
of  blood,  (vaso-constriction)  and  the  fall  of  surface  temperature 
must  therefore  be  correlated  with  one  another.    In  accordance 
with  the  experiments  of  these  authors  one  finds  the  skin  cold  and 
pale,  perhaps  cyanotic  at  the  extremities,  and  the  features  pinched 
during  the  initial  stage.    The  rigor  itself  is  nothing  more  than  a 
manifestation  of  the  natural  means  for  increasing  heat  production 
in  answer  to  a  sensation  of  superficial  cold  ;  in.  this  connection  it 
is  important  to  note  that  in  Maragliano's  experiments  diminution 
in  volume  of  the  arm  commenced  to.  show  itself  before  the 
appearance  of  the  rigor. 

The  internal  temperature,  on  the  other  hand,  in  the  initial 
stage  of  fever  invariably  rises,  whether  gradually,  or  by  leaps 
and  bounds.  At  first  sight  this  might  be  supposed  to  depend 
upon  heat  retention  from  diminished  heat  loss,  and  no  doubt 
this  plays  its  part,  but  there  is  reason  to  believe  that  thermo- 
genesis  is  actually  increased,  though  whether  apart  from  the  in- 
creased heat  production  dependent  upon  the  muscular  contraction 
occurring  during  the  rigor  is  another  question.  To  this  point 
reference  will  be  made  later. 

(2)  The  Fastigmm.—The  second  stage  of  fever  follows  im- 
mediately upon  the  first ;  in  those  cases  in  which  there  has  been 
a,  well-marked  rigor  it  commonly  commences  with  the  cessation  of 
shivering.  In  this  stage  the  internal  temperature  remains  higb, 
but  the  superficial  temperature,  so  far  from  remaining  low,  rises 
very  rapidly,  and  the  skin  soon  yields  to  the  touch  that  sense  of 
pungent  heat  which  is  characteristic  of  fever.  The  interna 
temperature  commonly  shows  some  approximation  to  diurnal 
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variations  in  that  it  is  usually  higher  at  night  than  in  the 
morning,  but  these  variations  are  very  irregular  and  uncertain. 
It  is  possible  that  the  absence  of  regular  diurnal  variations,  such 
as  are  seen  in  health,  in  part  depends  upon  the  fact  that  fever 
patients  are  confined  to  bed  and  are  fed  at  very  short  intervals 
and  through  the  night.  Though  the  temperature  is  fairly 
constant  during  the  fastigium,  it  is  not  absolutely  so  ;  slight 
exacerbations  and  remissions  from  time  to  time  are  very  common. 
Th^  duration  of  the  fastigium  is  very  variable ;  in  malarial 
attacks  it  may  not  last  more  than  an  hour  or  two,  in  many  of  the 
acute  fevers,  e.g.  typhoid  fever,  it  is  prolonged  for  two  or  three 
weeks. 

(3)  The  Terminal  Stage. — The  terminal  stage  of  fever  can,  in 
some  cases,  be  sharply  separated  from  the  fastigium,  but  in  other 
cases  such  a  distinction  is  hardly  possible.  This  stage  of  fever 
presents  different  characters  according  as  it  is  accompanied  by 
(a)  a  fall,  or  (/3)  a  rise  in  the  temperature. 

(a)  When  the  terminal  stage  is  accompanied  by  a  fall  of 
temperature  it  is  often  termed  the  '  stage  of  defervescence.'  The 
fall  may  be  sudden  or  it  may  be  protracted.    "When  the  fall  is 
sudden  the  fever  is  said  to  end  by  '  crisis,'  and  when  the  fall  is 
protracted,  to  end  by  '  lysis.'    In  crisis  the  temperature  of  a 
patient  may  fall  perhaps  from  40-5°  C.  to  36-1°  C.  (106°  F..  to 
•97°  F.)  in  twelve  hours,  or  the  fall  may  take  twenty-four  or 
even  thirty-six  hours,  but  the  fall  is  almost  if  not  quite  uninter- 
rupted.   In  lysis,  on  the  other  hand,  a  normal  temperature  may 
not  be  reached  for  several  days,  and  though  dm'ing  that  time  the 
general  tendency  of  the  temperature  is  downwards  in  that  each 
night  the  temperature  is  lower  than  it  was  the  preceding  night, 
and  each  morning  lower  than  on  the  preceding  morning,  yet  the 
fall  is  not  uninterrupted  as  in  crisis,  but  there  is  an  evening  rise 
every  day.    In  both  crisis  and  lysis  the  temperature  generally 
continues  to  fall  somewhat  after  the  normal  has  been  reached,  so 
that  it  becomes  subnormal  for  a  time  before  it  becomes  again 
permanently  normal.    This  is  more  commonly  seen  in  the  case 
of  a  critical  fall  in  temperature. 

It  is  important  in  this  connection  to  note  that  a  fall  of 
temperature  in  fever  does  not  necessarily  imply  that  the  terminal 
stage  has  been  reached,  even  though  the  fall  may  be  as  great  and 
as  rapid  as  it  is  in  crisis.  For  suddei".  complications  which 
supervene  during  the  fastigium,  and  which  are  accompanied  by 
shock  or  collapse,  may  lead  to  a  marked  fall  in  temperature 
owing  to  the  diminished  heat  production  and  paralysis  of  the 
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thermolytic  mechanism  by  which  tliose  conditions  are  themselves 
accompanied.  Thus,  in  typhoid  fever,  perforation  of  the  intestine 
or  haemorrhage  may  occur  during  the  latter  part  of  the  fastigium, 
and  may  cause  the  temperature  of  the  patient  to  fall  within  a  few 
hours  from  perhaps  40°  C.  to  36°  C.  (104°  F.  to  96-8°  F.)  or 
lower,  and  yet  this  is  not  a  termination  of  the  fever,  still  less  a 
termination  by  crisis.  It  simply  means  that  the  temperature 
changes  peculiar  to  shock  or  collapse  have  over-ridden  and  ob- 
scured those  peculiar  to  the  fever.  The  same  is  probably  also 
true,  though  not  so  obvious,  in  many  cases  in  which  a  febrile 
temperature  gradually  falls  and  death  supervenes.  Such  a  case  is 
apparently  one  of  defervescence  by  lysis,  but  since  the  disease  itself 
shows  no  sign  of  retrogression,  but  rather  of  aggravation,  in 
spite  of  the  fall  in  temperature,  we  must  probably  regard  the  fall 
dtself  as  a  modification  of  the  fastigium  due  to  faihng  bodily 
powers  and  the  consequent  diminution  of  thermogenesis  and 
paralysis  of  thermolysis,  and  not  as  a  true  terminal  stage.  This 
explanation  derives  support  from  the  fact  that  in  this  case,  as  in 
the  case  of  a  pseudo-critical  fall  due  to  shock  or  collapse,  the 
superficial  congestion  and  profuse  sweating,  which  are  charac- 
teristic of  the  stage  of  defervescence,  are  almost  always  wanting ; 
though  a  moribund  patient  ,  may  be  covered  with  sweat,  it  is  a 
^  cold  sweat.' 

When  the  fastigium  passes  into  a  stage  in  which  the 
temperature  is  raised  with  greater  or  less  rapidity  and  with 
greater  or  less  regularity  until  death  supervenes,  it  is  common  to 
speak  of  a  termination  of  fever  by  hyperpyrexia,  and  to  consider 
the  hyperpyrexial  stage  as  a  terminal  stage  comparable  with  the 
stage  of  defervescence  by  crisis  or  by  lysis.  This  view  is  probably 
justifiable,  for  fever  itself  must  be  regarded  as  a  special  reaction 
of  the  heat  mechanism  to  a  definite  stimulus,  and  if  defervescence 
is  cessation  of  the  special  heat  reaction  following  cessation  of  the 
stimulus,  the  logical  sequence  of  continued  and  increased  action 
of  the  stimulus  is  continued  and  increased  reaction  of  the  heat 
mechanism,  i.e.  hyperpyrexia.  Practically  and  theoretically, 
therefore,  hyperpyrexia  must  be  regarded  as  the  exact  converse 
-of  defervescence.  Indeed,  were  it  not  that  the  terms  'crisis' 
and  '  lysis '  are  themselves  bad,  and  were  there  in  addition  no 
etymological  objections,  one  might  even  speak  of  '  hyperpyrexia 
by  crisis  '  and  '  hyperpyrexia  by  lysis,'  for  the  temperature  may 
rise  almost,  if  not  quite,  uninterruptedly  until  within  a  few  hours 
it  is  4°-5°  C.  above  normal,  or  the  rise  may  be  interrupted  and 
gradual  and  extend  over  several  days. 
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The  rise  of  temperature  which  we  are  now  describing  includes 
the  truly  febrile  portion  of  Wunderlich's  '  agonal '  elevation  of 
temperature,  in  contradistinction  to  the  hyperthermic  portion 
which  has  already  been  mentioned  (p.  405).  Hyperpyrexial  tem- 
peratures are  rarely  so  high  as  hyperthermic  temperatures,  probably 
because  a  patient  in  whom  hyperpyrexia  supervenes  is  already 
weakened  by  the  febrile  disease,  and  succumbs  to  a  heightened 
temperature  more  easily;,  the  hyperthermic  person,  on  the  other 
hand,  has  generally  been  in  a  fair  or  good  state  of  health  previous 
to-  the  rise  of  temperature.  Hyperpyrexial  temperatures  of 
41°-41-5°  C.  (105-8°-106-7°  F.)  are  almost  invariably  fatal,  but 
though  in  hyperthermia  such  temperatures  are  highly  dangerous 
they  are  by  no  means  necessarily  fatal.  Instances  of  recovery 
after  sunstroke  when  the  body  temperature  has  reached  43°  G. 
(109-4°  F.)  are  not  unknown. 

(ii)  Anatomical  Chang-es  in  Fever. — The  effects  of  a  febrile 
disease  upon  the  system  are  a  combination  of  the  effects  of  the 
disease  itself  together  with  the  effects  of  the  high  temperature 
which  accompanies  that  disease.  These  effects  are  often  very 
difficult  to  separate,  and  deductions  as  to  the  results  of  a  febrile 
temperature  are  generally  made  from  consideration  of  the  results 
of  hyperthermia.  Such  a  course  is  hardly  justifiable,  since  the 
causes  of  hyperthermia  and  of  pyrexia  are  different,  and  since  in- 
all  probability  the  processes  concerned  in  the  two  forms  oi 
elevation  of  temperature  are  different  also.  Nevertheless  some  of 
the  deductions  made  are  probably  correct. 

,  The  anatomical  changes  that  can  be  ascribed  to  the  action  of 
a  high  febrile  temperature  itself  are  very  few  ;  the  most  evident  is 
wasting,  which  affects  not  only  the  fat  but  also  the  proteid 
elements  of  the  body.  This  wasting  is  to  be  correlated  with 
certain  metabolic  changes  that  will  be  noted  later.  A  diffluent, 
condition  of  the  spleen  is  also  often  noted  in  mairked  febrile 
conditions.  Another  anatomical'  change  very  frequently  seen  in 
febrile  disease  affects  the  tongue.  The  tongue  in  disease  has- 
been  carefully  examined  by  Howship  Dickinson,  and  he  finds  that, 
the  characteristic  appearances  in  various  stages  of  acute  disease 
are  accompanied  by  variations  in  the  amount  of  epithelium 
present.  In  a  comparatively  early  stage  of  fever  the  epithelium 
is  greatly  increased  in  thickness,  and  this  gives  rise  to  the^ 
'  coated '  or  '  stippled  '  tongue  ;  later,  the  amount  of  epithelium 
is  still  further  increased,  and  the  epitheHum  fills  up  the  inter- 
spaces between  the  papillae,  giving  rise  to  the  '  plastered '  tongue  ; 
still  later,  this  mass  of  epithelium  peels  off  and  yields  the  '  red,. 
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denuded  '  tongue  in  which  the  papillae  are  left  bare  and  injected, 
■or,  if  the  patient  is  becoming  convalescent,  the  epithelial  mass  is 
gradually  softened  by  the  saliva  and  removed  from  before  back- 
wards, leaving  a  '  cleaning '  tongue  with  a  normal  amount  of 
young  epithelium  over  the  papillae.  Dickinson  brings  forward 
reasons  for  believing  that  this  collection  of  epithelium  on  the 
tongue  is  due  not  only  to  deficient  removal  but  also  to  increased 
proliferation.  Though  closely  bound  up  with  fever,  this  condition 
of  the  tongue  is  not  solely  dependent  upon  fever,  for  in  about  one- 
third  of  the  number  of  cases  in  which  the  tongue  was  found  to 
be  coated,  the  temperature  was  normal  or  subnormal.  Befer- 
ence  will  be  made  below  to  the  dryness  of  the  tongue  in 
fever. 

To  the  fever  itself  one  must  probably  also  ascribe  a  part  of 
the  '  cloudy  swelling  '  which  affects  glandular  and  muscular  cells, 
for  cloudy  swelling  is  more  commonly  seen  in  diseases  that  are 
accompanied  by  a  high  temperature  than  in  those  in  which  the 
.temperature  is  low.  Nevertheless,  the  fact  that  it  is  also  found 
in  infections  where  the  disease  has  been  accompanied  by  great 
prostration  and  a  low  temperature,  seems  to  show  that  part  of 
the  change  is  independent  of  the  pyrexia.  Nor  is  the  fact  that 
hyperthermic  elevation  of  temperature  leads  to  fatty  changes  in 
the  same  tissues  of  great  assistance,  for  the  granules  in  cloudy 
swelling  are  not  fatty.  It  is  generally  held,  however,  that  the 
cloudy  swelling  of  pyrexial  disease  and  the  fatty  changes  of 
hyperthermia  are  to  be  associated,  and  many  authors  hold  that 
cloudy  swelling  is  a  transitional  stage  in  the  pathological  con- 
version of  proteid  into  fat.  It  is  certainly  in  favour  of  this  view 
that  cloudy  swelling  is  most  commonly  seen  in  rapidly  fatal 
and  acute  pyrexial  disorders,  fatty  changes  in  chronic  pyrexial 
disorders. 

Though  hardly  an  anatomical  change,  we  must  probably  also 
ascribe  to  the  fever  itself  the  oligoplasmia  which,  according  to 
some  authors,  is  frequently  seen  in  febrile  disease.  Von  Limbeck 
and  Steindler  found  that  the  mean  volume  of  the  serum  in  the 
defibrinated  blood  of  three  non-febrile  persons  was  72*6  per  cent., 
but- that  in  eight  highly  febrile  patients  the  mean  volume  of 
serum  was  only  54-8  per  cent.  Their  results  have  been  referred 
by  Biernacki  to  faulty  methods,  but  are  probably,  in  the  maui, 
correct. 

An  important  change  of  the  blood-plasma  in  fever  'is  a;n 
alteration  in  its  alkalinity.  It  has  long  been  known  that  the 
blood  in  fever  holds  a  smaller  amount  of  carbonic  acid  than 
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normal,  and  Minkowski  found  lactic  acid  in  the  blood  of  dogs 
in  which  fever  had  been  experimentally  induced.    These  factors 
must  no  doubt  be  associated  with  the  diminished  alkalinity 
which  has  been  found  to  exist  in  many  cases  of  fever.  The 
amount  of  diminution  varies  considerably  in  different  cases,  but 
roughly  speaking  is  greater  the  more  severe  the  disease  ;  whether 
it  stands  in  any  definite  relation  to  the  height  of  the  temperature 
is  doubtful.    The  diminution  in  alkalinity  persists  after  the  fall 
-of  temperature  in  the  terminal  stage,  and  the  normal  level  is  only 
reached  during  convalescence ;  it  is  uninfluenced  by  any  lowering 
•of  temperature  brought  about  by  antipyretic  drugs.    The  cause' of 
this  change  is  quite  unknown,  though  suggestions  have  been  made 
that  it  depends  upon  altered  tissue  metabolism  induced  by  fev^r, 
upon  acid  substances  formed  by  micro-organisms,  upon  the  forma > 
tion  of  acid  by-products  during  the  disintegration  of  protoplasm 
that  has  been  killed  by  bacterial  toxins.    But  whatever  the  true 
explanation  may  be,  it  is  probable  that  the  change  is  highly 
important  for  the  organism,  for  it  is  an  unfavourable  sign  in 
febrile  disease,  and  it  is  known  that  diminished  alkalinity  of 
the  blood  goes  hand  in  hand  with  increased  susceptibility  to 
infection.    In  hyperthermia,  whether  caused    by  puncture  of 
the  corpus  striatum  or  by  exposure  to  high  external  temperature, 
the  alkalinity  of  the  blood  is  not  diminished  or  is  diminished  to 
so  shght  a  degree  that  it  may  be  neglected. 

Besides  a  diminution  in  alkalinity,  an  increase  in  alkalinity  of 
the  blood  in  fever  has  also  been  described.  Biernacki  indeed  is 
inclined  to  consider  that  in  man  an  increase  is  more  common  than 
a  diminution  in  alkalinity.  According  to  Lowit  this  increase  of 
alkahnity  is  often  seen  in  an  early  stage  of  febrile  disease,  though 
it  may  give  place  to  a  diminution  in  alkalinity  later.  According 
to  Lowy  and  Eichter  the  increase  of  alkalinity  goes  hand  in  hand 
with  a  diminution  in  the  number  of  leucocytes  in  the  blood, 
and  can  be  brought  out  by  a  variety  of  substances  which  lead  to 
hypo-leucocytosis,  but.  this  has  been  denied  by  other  investigators. 
It  is  needless  to  point  out  that  if  we  are  to  regard  a  diminution  in 
alkahnity  of  the  blood  as  important  from  the  aspect  of  sascepti- 
bihty,  we  must  probably  also  regard  an  increase  in  alkalinity  as 
important  from  the'aspect  of  immunity.  The  coagulability  of  the 
blood  in  fever  may  either  be  increased  or  diminished  but  enough 
has  already  been  said  in  Chapter  VI.  upon  the  subject  of  coagula- 
tion to  render  further  remarks  unnecessary  here. 

Changes  in  the  number  of  red  blood-corpuscles  present  in  the 
blood  during  febrile  disease  are  very  common,  but  there  appea'rs 
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to  be  no  definite  rule  as  to  the  direction  taken  by  those  changes 
sometimes  the  number  of  corpuscles  is  normal,  sometimes, 
it  is  diminished,  sometimes  increased.  But  in  spite  of  any 
intermediate  variations  that  may  have  been  undergone,  the 
number  of  red  blood-corpuscles  decreases  in  cases  of  long- 
continued  fever.  This  seems  to  indicate  that  in  fever  there  is  a 
destruction  of  red  blood-corpuscles,  and,  as  will  be  seen  later,  the 
urine  contains  substances  that  can  well  be  explained  upon  this^ 
supposition  ;  but  Naunyn  and  Minkowski  have  found  that  in 
rabbits  and  dogs,  the  temperature  of  which  had  been  raised  to 
42°  C.  (107-6°  F.)  by  keeping  them  in  a  warm  chamber,  the  blood- 
serum  shows  no  trace  of  dissolved  haemoglobin.  In  man,  it  is 
generally  agreed  that  there  is  oligocythsemia  in  febrile  diseasey 
but  the  factors  concerned  are  so  numerous  that  it  is  hardly 
justifiable  to  ascribe  the  oHgocythaemia  to  the  fever  alone,  much 
less  to  ascribe  it  to  destruction  of  corpuscles.  Naunyn  indeed 
considers  that  the  differences  in  numbers  of  corpuscles  depend 
more  upon  differences  in  the  distribution  of  the  blood  in  the  body, 
and  it  is  important  to  note  that  Breitenstein  found  in  hyper- 
thermic animals  a  marked  diminution  in  the  number  of  red 
blood-corpuscles  present  in  the  blood  of  the  peripheral  vessels, 
tof-ether  with  a  marked  increase  in  their  number  in  the  hepatic 
vessels.  Nevertheless  we  are  probably  safe  in  saying  that  iu 
febrile  disease  there  is  destruction  of  red  blood-corpuscles. 
Changes  in  the  numbers  and  characters  of  leucocytes  have  been 
already  so  fully  described  along  with  inflammation  that  they  call 
for  no  further  remark. 

(iii)  Functional  Changres  in  Fever.— Difficult  as  it  is  to  sepa- 
rate the  anatomical  effects  of  fever  itself  from  the  effects  of  the 
disease  which  causes  the  fever,  it  is  even  more  difficult,  and  in 
many  cases  it  is  at  present  quite  impossible,  to  separate  theu* 
effects  upon  function.  The  following  are  some  examples  of  this 
difficulty.  The  disordered  kidney  function  which  leads  to  albu- 
minuria is  associated  with  cloudy  swelling  of  the  organ,  and  since 
we  are  unable  as  yet  to  decide  how  far  the  cloudy  swelling  is 
dependent  upon  pyrexia,  how  far  dependent  upon  the  cause  of  the 
disease,  we  cannot  dogmatise  concerning  the  function  ;  probably, 
however,  both  factors  are  of  importance.  The  increased  rate  of 
respiration  seen  in  febrile  disease  may  in  part  depend  upon  the 
overheated  condition  of  the  blood,  for  it  has  been  found  that  if 
the  blood  supplied  to  the  brain  by  the  carotid  is  artificially  heated, 
respirations  are  increased  in  frequency  ;  but  the  mere  mention  of 
acute  pneumonia  is  sufficient  to  show  that  the  modification  of 
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respiration  may  depend  upon  alterations  essentially  due  to  the 
disease  itself.  The  increased  rate  of  heart  beat  may  depend  upon 
the  fever,  for  heat  increases  the  rate  of  heart's  beat  (Cyon),  but  it 
may  also  depend  upon  myocardial  changes  (such  as  those  described 
by  Scagliosi  and  others  in  diphtheria),  or  nervous  changes  brought 
about  by  the  disease  quite  apart  from  the  temperature.  The 
nervous  symptoms  (delirium,  stupor,  coma,  &c.)  seem  to  be 
entirely  dependent  upon  the  rise  of  temperature,  for  along  v^ith 
the-lowering  of  temperature  which  occurs  when  a  hyperpyrexial 
patient  is  treated  by  the  cold  bath,  there  comes  a  surprising 
improvement  in  mental  condition,  which  disappears  if  the  tem- 
perature again  rises  after  the  patient  has  been  removed  from  the 
bath.  But,  as  Cohnheim  remarks,^  '  it  is  hard  to  say  how  much 
of  this  effect  should  be  attributed  to  the  cooling  and  how  much  to 
the  improvement  in  the  circulation  and  rise  of  blood-pressure, 
brought  about  by  the  bath.'  These  examples  are  sufficient  to 
show  that  it  is  impossible  at  present  to  discuss  the  effects  of  fever 
upon  function  if  we  use  the  term  '  fever '  in  a  strict  sense.  In 
the  following  remarks,  therefore,  no  such  attempt  will  be  made, 
and  the  -changes  in  function  described  are  those  seen  in  febrile 
disease. 

{a)  The  Heart  and  Circulation. — In  febrile  disease  the  rate  of 
heart  beat  is  increased,  and  the  pulse  may  be  so  rapid  as  to  be 
impossible  to  count.  According  to  the  observations  of  Lieber- 
meister  the  number  of  heart  beats  per  minute  rises  by  eight 
with  every  rise  of  1°  C.  in  the  temperature  (four  and  a  half  for 
every  1°  F.),  but  though  this  'law'  is  roughly  true  it  has  many 
exceptions.  With  regard  to  the  cause  of  this  increased  frequency 
of  heart  beat  in  fever,  Fredericq  found  that  in  febrile  rabbits  the 
rate  of  heart  beat  is  not  increased  ;  since  in  the  rabbit  the  vagus 
has  no  tonic  action  upon  the  heart,  Fredericq  is  inclined  to  refer 
febrile  increase  of  heart  beat  to  removal  of  cardio-inhibitory  tone. 
With  the  increase  of  rate-  there  also  goes  an  alteration  in  duration 
of  the  systole  and  diastole  ;  both  of  these  are  shortened,  but  the 
diastole  to  a  greater  extent  than  the  systole.  Concerning  the 
blood-pressure  but  little  is  known,  and  the  statements  that  have 
been  made  are  very  conflicting.  Towards  the  end  of  a  prolonged 
febrile  disease  it  is  not  unreasonable  to  expect  that  the  blood- 
pressure  would  be  low,  and  the  running,  weak  pulse  that  is  then 
present  may  probably  be  taken  as  a  sign  of  a  low  blood-pressure. 
The  condition  of  the  blood-vessels  themselves  is  modified  in 
febrile  disease,  for  a  difference  obtains  between  the  reaction  of  the 
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cutaneous  blood-vessels  to  stimuli  in  health  and  in  fever ;  thus 
shght  cutaneous  stimulation,  e.g.  stroking  with  the  finger-Dail, 
will  lead  to  a  marked  and  widespread  pallor  lasting  several 
minutes  in  a  fever  patient,  whereas  in  a  healthy  person  such  a 
stimulus  is  almost  without  effect.  Whether  this  difference 
depends  upon  local  or  upon  central  causes  or  upon  both  it  is 
impossible  to  say,  but  that  the  blood-  vessels  are  themselves  altered 
in  febrile  disease  is  shown  'by  the  frequency  with  which  petechial 
hasmorrhages  are  seen. 

(b)  Respiration. — Respiration  in  febrile  patients  is  quickened, 
and  the  individual  respirations  are  sometimes  shallower,  some- 
times deeper  than  normal.  The  rate  cf  respiration  in  fever-  is 
rarely  so  great  as  it  is  in  hyperthermia.  The  normal  ratio  between 
rate  of  respiration  and  rate  of  heart  beat'(l  :  3-4)  is  generally 
maintained  in  fever,  unless,  as  in  the  case  of  acute  pneumonia, 
special  conditions  lead  to  a  special  rate  of  respiration.  With  an 
increase  in  the  rate  of  respiration  there  is  also  a  tendency  for  the 
extraordinary  muscles  of  .respiration  to  be  brought  into  play  ;  the 
dilatation  of  the  alae  nasi  with  each  inspiration  in  pneumonia  is 
very  characteristic. 

(c)  Glandular  Secretions. — The  glandular  secretions  are  in 
many  cases  profoundly  altered  during  febrile  disease.  The  secre- 
tion of  saliva  is  diminished,  and,  as  Dickinson  has  shown,  placing 
upon  the  tongue  a  drop  of  dilute  acetic  acid,  which  normally  leads 
to  a  profuse  flow  of  saHva  from  Stenson's  duct,  in  febrile  patients  is 
followed  by  only  a  small  flow  or  by  no  flow  at  all.  A  diminution 
in  the  amount  of  gastric  juice  secreted  also  occurs  in  fever,  and  it 
has  been  shown  by  many  authors  that  such  gastric  juice  as  is 
secreted  contains  a  smaller  percentage  of  acid  than  normal ;  the 
amount  of  pepsin  present  seems  to  be  less  altered.  Less  bile 
than  normal  is  secreted  in  fever,  and  its  characters  become  altered ; 
it  becomes  thick  from  the  greater  amount  of  nucleo-proteid  which 
it  holds,  and  darker  in  colour  from  the  presence  of  a  greater 
amount  of  bile  pigment.  It  is  probably  to  these  alterations  m 
the  digestive  secretions  that  the  failure  of  appetite  (anorexia)  and 
the  dyspepsia  of  fever  patients  are  due.  The  mammary  secretion 
in  puerperal  women  attacked  by  any  febrile  process  commonly 
diminishes  or  ceases  entirely  and  the  milk  itself  undergoes  change, 
judging  from  the  ill  effects  produced  upon  an  infant  by  feeding 
with  the  milk  of  a  feverish  mother. 

The  secretion  of  sweat  in  febrile  patients  shows  marked 
differences,  according  to  the  stage  of  fever  under  observation. 
In  the  initial  stage  it  is  greatly  diminished '  if  not  entirely  sup- 
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pressed;  during  the  fastigium  it  is  sometimes  diminished  and 
sometimes  increased,  but  in  any  case  the  skin  itself  during  this 
stage  is  usually  dry ;  sometimes  the  sweat  collects  beneath  the 
surface  of  the  skin- "  and  forms  small  vesicles  known  as  '  suda- 
mina ; '  in  the  terminal  stage,  unless  it  be  hyperpyrexial,  sweating 
is  enormously  increased,  and  from  this  fact  the  terminal  stage  of 
fever  has  been  called  the  '  sweating  '  stage,  a  term  that  is  still 
used  in  descriptions  of  an  ague-fit.  The  occurrence  of  sweating 
in  the  terminal  stage  is  best  seen  in  those  cases  in  which  the 
temperature  falls  by  crisis  ;  the  amount  of  fluid  then  secreted  is- 
often  sufficient  to  saturate  the'  blanket  on  which  the  patient  lies. 
In  defervescence  by  lysis  sweating  is  not  increased  to  so  obvious  an 
extent,  but  the  general  moisture  of  the  skin,  which  is  in  marked 
contrast  to  the  dryness  obtaining  during  the  fastigium,  shows 
that  the  amount  of  secretion  is  increased.  The  statements  made 
above  are  general  only,  for  few  exact  measurements  have  been 
made  upon  the  point :  the  chief  are  those  upon  which  Hale  White 
based  the  conclusions  given  in  his  Croonian  Lectures.  In  hyper- 
pyrexia there  may  be  sweating,'  but  a  dry  skin  is  far  more 
common.  The  secretion  of  sweat  in  the  terminal  stage  of  fever 
was  considered  by  Cohnheim  to  be  dependent  upon  the  vaso- 
dilatation which  is  also  present  in  this  stage,  but  it  is  more 
probable  that  the  two  phenomena  are  collateral  results  of  a 
central  modification  than  that  the  one  is  directly  dependent 
upon  the  other  ;  little  was  known  '  concerning  the  hidrotic  nerves 
at  the  time  at  which  Cohnheim  wrote.  ■  The  characters  of  the 
sweat  may  at  times  undergo  alteration  as  well  as  its  quantity  ;  in 
acute  rheumatism,  for  example,  it  has  a  peculiarly  sour  smell 
and  is  highly  acid. 

The  kidneys  are  probably  not  greatly  altered  so  far  as  their 
functions  are  concerned,  unless  they  _  are  the  seat  of  some  ana- 
tomical change,  and  such  alterations  as  undoubtedly  appear  in 
the  urine  are  in  all  probability  due  rather  to  alterations  in  blood- 
pressure  and  in  the  blood  presented  to  the  kidneys  than  to 
differences  in  the  way  that  the  kidneys  deal  with  that  blood. 
In  an  ague-fit,  which  has  a  characteristic  initial  stage,  fastigium, 
and  critical  defervescence,  we  find  that  the  amount  and  characters 
of  the  urine  vary  in  the  different  stages  of  the  fever.  In  the 
initial  stage  there  is  an  increased  flow  of  pale  but  highly  acid 
tirine,  which  is  of  low  specific  gravity,  but  which  contains  a 
greater  amount  of  urea  and  of  sodium  chloride  than  normal ; 
this  increase  in  amount  of  urine  must  be  regarded  as,  in  part, 
dependent  upon  the  increased  blood-pressure  that  must  result 
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from  the  constriction  of  the  cutaneous  blood-vessels,  and  in  part, 
as  evidence  of  that  correlation  betvi^een  skin  function  and  renal 
function  which  is  well  known  to  exist.  During  the  fastigium,  in 
spite  of  the  large  quantities  of  fluid  imbibed,  the  amount  of  urine 
is  diminished,  the  specific  gravity  is  increased,  and  the  fluid  is 
high-coloured  and  concentrated  ;  this  diminution  must,  in  part  at 
all  events,  be  attributed  to  the  greater  amount  of  water  lost  by 
the  lungs  and  skin  in  this  stage.  During  the  stage  of  defer- 
vescence the  amount  of  urine  is  greatly  dinnnished,  its  specific 
gravity  is  very  high,  it  is  high-coloured,  and  it  deposits  large 
quantities  of  urates  on  cooling ;  this  diminution  must  be  corre- 
lated with  the  large  quantity  of  water  excreted  by  the  sweat 
glands  in  this  stags  of  the  fever.  These  changes  in  amount  of 
urine  are  fairly  characteristic  of  all  varieties  of  febrile  disease, 
and  it  may  be  stated  generally  that  during  the  initial  stage  more 
urine  than  normal  is  excreted,  during  the  fastigium  less  than 
normal,  and  during  defervescence  much  less  than  normal. 

The   meaning   of  the   increased  excretion   of  nitrogenous 
metabolites  will  be  considered  later,  but  certain  of  the  other 
characteristics  of  febrile  urine  may  be  dealt  with  here.  The 
fact  that  febrile  urine  usually  contains  a  greater   amount  of 
potassium   salts  than  normal    (Salkowski)    must   almost  with 
certainty  be  referred  to  the  diminution  in  numbers  of  red  blood- 
corpuscles  that  is  known  (at  least  in  sOme  cases)  to  take  place 
in  the  blood.    With  this  diminution  in  numbers  of  red  blood- 
corpuscles  must  also  be  associated  the  high  colour  of  febrile 
urine,  though  perhaps  only  in   part,  for   there   is   reason  to 
believe   that   the   urinary  pigments,   both   in   health  and  in 
disease,   are   not  exclusively   derived  from   direct   changes  in 
blood-pigment.     The  sodium  salts  in  febrile  urine — unhke  the 
potassium   salts— are    diminished,    and    in    convalescence  the 
contrast  between  the  two  kinds  of  alkaline  salts  is  still  main- 
tained though  in  the  opposite  direction,  for  the  excretion  of 
potassium  salts  diminishes  in  convalescence,  whereas  the  ex- 
cretion of  sodium  salts  increases.     The  chlorides  of  the  urine 
are  generally  diminished  in  febrile  disease  ;  in  pneumonia,  for 
example,  they  may  be  almost   completely  wanting.     The  ex- 
planation of  this  fact  is   uncertain  ;  Eohmann,   finding  that 
chlorides  given  in  the  food  are  not  found  either  in  faeces  or  m 
urine,  concluded  that  they  are  retained  within  the  body  and 
enter  into  a  somewhat  stable  composition  with  the  proteids  of 
the  blood-plasma.    Be  this  as  it  may,  the  amount  of  chlorides 
present  in  febrile  blood  is  diminished,  and  with  it  the  dimmished 
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excretion  of  chlorides  by  the  kidneys  must  be  bound  up.  Since 
the  diminution  in  excretion  of  chlorides  is  noticed  long  before 
the  sweating  stage  comes  on,  an  explanation  must  not  be  looked 
for  in  this  direction. 

Besides  the  changes  mentioned  above,  it  is  not  uncommon  to 
find  small  or  sometimes  large  quantities  of  proteid  (generally  serum 
albumin  but  sometimes  serum  globulin  in  addition)  in  the  urine 
of  febrile  patients.    In  many  cases  this  does  not  depend  upon  the 
fever  as  such,  but  upon  some  change  induced  by  the  disease  which 
leads  to  the  fever ;  thus  in  tuberculosis  of  the  lung  we  may  have  a 
highly  febrile  temperature  and  much  albumin  in  the  urine,  but 
the  presence  of  albumin  will  probably  be  due  to  lardaceous 
disease  of  the  kidney.    So  also  in  scarlatina  and  diphtheria,  the 
albumin  often  present  in  the  urine  is  to  be  ascribed  to  kidney 
changes  induced  by  the  scarlatina  or  the  diphtheria  poison  and  not 
to  the  temperature.    Albumoses  are  often  found  in  the  urine  of 
patients  in  whom,  from  one  cause  or  other,  destruction  of  tissue 
is  going  on ;  thus  it  occurs  during  puerperal  involution  of  the 
uterus,  in  patients  convalescing  from  croupous  pneumonia,  in 
patients  who  are  subjects  of  large  abscesses,  &c.  Albumosuria, 
however,  is  not  only  met  with  in  febrile  conditions,  as  it  occurs 
with  great  frequency  in  osteomalacia  and  certain  other  bone 
diseases.    Other  alterations  in  the  constituents  of  the  urine  have 
been  described,  but  they  can  only  be  mentioned  ;  acetone  (also 
found  in  minute  quantities  in  normal  urine  and  in  urine  of  persons 
suffering  from   cancer),   diacetic   acid    (doubtfully  present  in 
normal  urine),  and  oxybutyric  acid  (absent  from  normal  urine) 
have  been  found  in  febrile  m'ine ;  the  sulphates  are  increased,  and 
a  larger  amount  of  phosphorus  is  excreted  than  normal,  a  fact 
that  is  of  importance  in  reference  to  the  origin  of  the  excess  of 
nitrogen  present  in  febrile  urine. 

Though  the  liver  is  the  largest  gland  in  the  body,  we  are 
practically  in  complete  ignorance  as  to  the  changes  in  its  meta- 
boHsm  induced  by  fever.    This  ignorance  is  intelligible  when  we 
remember  the  experimental  difficulties  in  the  way  of  research 
upon  the  organ,  and  the  doubt  that  still  exists  as  to  many  of  its 
functions  even  in  health,  but  it  is  highly  probable  that  investiga- 
tion of  the  subject  would  bring  to  light  facts  of  profound  import- 
ance.   The  most  important  point  that  we  know  is  that  in  most 
infective  diseases  of  any  severity  and  duration  there  is  a  pro- 
gressive disappearance    of   glycogen.     Where  there   is  much 
destruction  of  blood,  too,  the  bile  is  more  deeply  pigmented  than 
usual. 
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(d)  The  Nervous  System. — With  regard  to  the  functions  of 
the  nervous  system  very  httle  can  be  said  more  than  that  they 
are  generally  modified  to  a  greater  or  less  extent.  The  intellect 
is  disordered,  either  being  clouded  or  being  abnormally  active  on 
abnormal  lines,  and  hallucinations  are  not  uncommon.  When 
febrile  disease  has  been  prolonged,  cutaneous  reflexes  may  be 
abolished  and  involuntary  evacuation  or  definite  incontinence  of 
urine  and  faeces  may  occur.  The  processes  going  on  in  the 
cardiac  and  vaso-motor  centres  are  also  abnormal,  though  no 
doubt  the  impulses  discharged  by  these  centres  reach  abnormal 
heart  muscle  and  abnormal  blood-vessel  walls.  Whether  the 
injurious  agent  be  the  rise  of  temperature  alone  or  the  cause  of 
the  disease  alone,  or  both  combined,  there  is  no  doubt  that  the 
functions  of  the  central  nervous  system  are  deranged  in  febrile 
disease. 

(iv)  The  Metabolism  in  Fever. — The  metabolism  in  fever 
must  be  considered  from  the  points  of  view  of  (a)  the  respiratory 
exchange,  (b)  the  discharge  of  nitrogen. 

{(i)  The  Bespiratory  Exchange.— It  has  already  been  stated 
that  though  in  fever  the  rate  of  respiration  is  increased,  the  depth 
of  each  inspiration  may  be  increased  or  diminished ;  in  any  case, 
however,  respiratory  activity  is  increased.  From  the  experiments 
of  Lowy  and  of  Kraus  it  has  been  shown  that  the  intake  of 
oxygen  and  the  output  of  carbonic  acid  is  increased  during  the 
initial  stage  of  fever.  This  limitation  of  the  period  during  which 
there  is  an  increase  in  the  intake  of  oxygen  and  output  of  carbonic 
acid  (respiratory  exchange)  to  the  period  during  which  the  tem- 
perature of  the  patient  is  rising,  is  so  strict  that  it  has  led  Lowy 
to  the  belief  that  the  increase  of  respiratory  exchange  is  dependent 
solely  upon  the  muscular  contractions  that  occur  during  this 
period,  especially  if  it  be  accompanied  by  a  rigor.  Though  the 
carbonic  acid  and  the  oxygen  are  both  increased,  the  respiratory 
quotient  generally  remains  unaltered.  During  the  later  stages  of 
fever  the  intake  of  oxygen  and  the  output  of  carbonic  acid  are  less 
than  during  the  initial  stage,  and  the  respiratory  quotient  may 
remain  constant  or  may  fall  somewhat.  Nevertheless  these  values 
are  neither  greater  nor  less  than  they  are  for  a  healthy  man 
on  the  same  diet  and  under  the  same  conditions  as  to  muscular 
exertion.  It  must  be  remembered,  however,  that  the  great 
rapidity  of  heart  beat  and  of  respiration  in  a  fever  patient  imply 
greater  muscular  exertion,  and  consequently  that  his  respiratory 
exchange  must  be  expected  to  exceed  somewhat  that  of  a  healthy 
person  at  rest  even  if  the  diets  of  both  be  exactly  similar.    So  far 
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as  oxidative  processes  are  concernerl,  therefore,  the  fevered  and 
the  non-fevered  person  do  not  differ  except  in  respect  of  conditions 
implying  an  increase  of  muscular  activity. 

(b)  The  Discharge  of  Nitrogen.— The  fact  that  in  fever  the 
output  of  nitrogen  by  the  kidneys  is  equal  to  or  even  greater  than 
in  health  was  discovered  by  Traube  in  1855.    Since  that  time  the 
subject  has  been  investigated  by  many  authors,  and  it  may  be 
stated  generally  that  (1)  the  output  of  nitrogen  in  fever  is  far 
greater  than  it  is  for  a  healthy  person  on  fever  diet,  and  (2)  the 
increase  in  nitrogen  output  begins  before  the  temperature  rises,  is 
at  its  maximum  at  an  early  period  of  the  fastigium,  and,  in  those 
cases  which  end  by  crisis,  often  shows  an  epicritical  increase. 
Now  in  the  urine  we  obtain  practically  the  whole  of  the  nitrogen 
excreted  by  the  body  as  the  result  of  its  metabolic  processes,  for 
loss  by  other  ways  is  so  small  that  it  may  be  neglected  ;  and  since 
the  nitrogen  of  the  urine  is  only  derived  from  proteid  metabolism 
it  follows  that  an  increase  in  the  amount  of  nitrogen  present  in 
the  urine  signifies  an  increase  of  proteid  destruction  in  the  body.^ 
Hence  examination  of  the  urine  of  a  fevered  person  teaches  us 
that  a  greater  destruction  of  proteid  goes  on  in  his  body  than  m 
the  body  of  a  healthy  person  under  similar  conditions  as  to  diet 
and  exercise,  a  fact  of  which  the  weighing  scales  give  evidence, 
for  the  fevered  person  wastes  more  rapidly  than  the  starving 
person.     Experimentally,  the  truth  of  this  statement  has  been 
proved  in  the  case  of  the  rabbit  by  Ma.y,  who  found  that  the 
nitrogenous  metabohsm  of  the  fevered  rabbit  is  about  25  per  cent, 
greater  than  that  of  the  same  animal  in  health  and  upon  the 
same  diet. 

In  health  the  nitrogen  of  the  urine  is  divided  among  various 
substances;  urea  accounts. for  84-87  per  cent.,  ammonia  salts  for 
2-5  per  cent.,  uric  acid  for  1-8  per  cent.,  and  various  extractives 
(xanthin  bodies,  kreatinin,  &c.)  account  for  7-10  per  cent. 
(Pfliiger).  These  substances  are  all  derived  from  disintegration 
of  proteid,  but  so  far  as  their  origin  is  concerned  they  must  be 
divided  into  two  large  groups :  the  urea  group  and  the  uric  acid 
group.  The  urea  group  contains  urea  alone  and  is  derived  from 
proteid  generally  .-apart  from  nucleo-proteids ;  the  uric  acid 
group  contains  uric  acid,  xanthin,  hypoxanthin,  sarkin,  and  other 
bodies  closely  allied  to  uric  acid,  and  is  usually  regarded  as  being 
derived  from  nucleo-proteids.     The  total  amount  of  nitrogen 

'  Such  an  increase  might  depend  upon  removal  of  an  amount  previously  stored  in 
the  tissues,  and  probably  this  accounts  in  part  for  the  epicritical  increase,  but  the 
statement  made  in  the  text  is  correct  tor  all  practical  purposes. 
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excreted  in  members  -of  the  uric  acid  group  bears  a  very  constant 
relation  to  the  amount  of  nitrogen  excreted  in  urea,  and  hence  we 
may  conclude  that  there  is  normally  a  parallelism  between  the 
destruction  of  nucleo-proteids  and  of  other  proteids.  But  though 
the  relative  amount  of  nitrogen  excreted  in  members  of  the  uric 
acid  group  is  practically  constant,  the  absolute  amount  is  very 
variable,  and  since  the  amount  of  uric  acid  itself  excreted  in 
health  is  very  fairly  constant,  such  variations  in  absolute  amount 
must  depend  upon  variations  in  the  excretion  of  bodies  belonging 
to  the  uric  acid  group  other  than  uric  acid  itself  (xanthin  bases). 

In  fever  the  nitrogen  derived  from  both  sources  is  increased, 
but  apart  from  complications  the  general  relation  between  the 
excretion  of  the  two  groups  is  the  same  as  in  health ;  certain 
modifications,  however,  are  introduced.  In  the  first  place,  the 
excretion  of  ammonia  salts  is  increased  not  only  absolutely  but 
also  relatively,  and  the  increase  takes  place  at  the  expense  of  the 
urea.  In  the  second  place,  the  greater  amount  of  nitrogen 
excreted  in  members  of  the  uric  acid  group  almost  entirely 
depends  upon  an  increase  in  the  amount  of  uric  acid  excretion : 
the  excretion  of  xanthin  bases  is  practically  unaltered.  This  is 
exactly  opposite  to  what  obtains  in  health. 

In  fever,  therefore,  there  is  an  excessive  destruction  of 
albumin  and  of  nucleo-proteid,  the  former  going  to  produce  urea, 
the  latter  to  produce  uric  acid.  With  regard  to  the  origin  of  the 
uric  acid,  it  is  probable  that  it  is  derived  in  large  part  from 
disintegration  of  leucocytes,  for  Horbaczewski  has  shown  that 
increase  of  uric  acid  excretion  especially  occurs  when  there  is 
leucocj'tosis  and  breaking  down  of  leucocytes.  Moreover  the 
increase  of  phosphorus  in  febrile  urine,  considered  along  with  the 
large  amount  of  phosphorus  present  in  leucocytes,  is  suggestive 
in  the  same  direction.  Kiihnau  found  in  afebrile  (leucocythsemia, 
malignant  new-growths)  as  well  as  in  febrile  disease  (croupous 
pneumonia,  septic  infection)  that  an  increase  in  the  number  of 
leucocytes  present  in  the  blood  is  invariably  followed  by  an 
increase  in  uric  acid  excretion,  the  maximum  of  which  occurs 
when  a  previously  existing  leucocytosis  disappears.  He  also 
found  that  intra-peritoneal  injection  of  material  containing  large 
quantities  of  leucocytes  (aseptic  pus,  pounded  thymus)  leads  to  a 
great  increase  of  uric  acid  in  the  urine.  Kiihnau's  experiments 
are  further  important  in  showing  that  the  excretion  of  uric  acid 
does  not  seem  to  be  dependent  upon  temperature,  for  the  same 
result  was  obtained  whether  the  patient  was  pyrexial  or  not.  It 
is  doubtful,  however,  whether  destruction  of  leucocytes  in  fever 
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is  the  sole  cause  of  increased  uric  acid  excretion,  for  cases  have 
been  described  in  which  an  increased  uric  acid  excretion  followed 
febrile  conditions,  unaccompanied  by  leucocytosis  (Schnitzler)  : 
at  all  events  it  is  not  unreasonable  to  suppose  that  a  portion  of 
the  uric  acid  may  be  derived  from  nuclei  of  tissue-cells  destroyed 
during  the  febrile  disease. 

(v)  The  ^tiolog-y  of  Fever.— By  far  the  greater  number  of 
diseases  in  which  fever  is  a  symptom  are  infective,  and  it  is 
therefore  natural  to  turn  to  the  micro-organisms  in  endeavouring 
to  discover  the  cetiology  of  fever.  Among  the  micro-organisms, 
in-  this  respect,  animal  as  well  as  vegetable  microbes  are  of  im- 
portance, for  of  all  the  causes  of  fever  the  malarial  parasites  are 
perhaps  the  most  important. 

The  relationship  between  .micro-organisms  and  fever  is  par- 
ticularly well  shown  in  the  cases  of  intermittent  fever  (ague)  and 
relapsing  fever ;    for  the  rise  of  temperature  in  each  disease 
coincides  with  the  appearance  of  the  micro-organism  in  the  blood, 
the  fever  lasts  as  long  as  the  micro-organism  is  present  in  the 
blood,  and  the  temperature  falls  with  the  disappearance  of  the 
micro-organism  from  the  blood.    Whether  in  these  cases  the 
microbes  act  mechanically,  or  by  virtue  of  poisons  which  they 
produce  or  by  virtue  of  the  direct  changes  to  which  they  give 
rise  in  the  blood  and  tissues,  it  is  impossible  to  say.    But  in 
other  cases  there  is  no  doubt  that  the  micro-organism  itself  is  not 
the  cause  of  fever,  at  least  mechanically;  thus,  in  diphtheria 
there  is  fever,  but  the  micro-organisms  are,  in  the  vast  majority 
of  cases,  absent  from  the  blood ;  moreover,  fever  can  be  induced 
by  injection  of  diphtheria  toxin  apart  from  the  micro-organisms 
altogether.    Hence  we  must  conclude  that  it  is  either  the  pro- 
ducts of  micro-organisms  themselves,  whether  extra-cellular  or 
intra-cellular,  or  else  the  products  of  the  action  of  these  sub- 
stances upon  the  tissues  of  the  animal,  that  are  the  effective 
pyrexial  agents. 

Many  experiments  have  been  made  with  bacterial  products, 
most  of  them  being  carried  out  by  injection  into  the  blood  or  the 
subcutaneous  tissues  of  substances  such  as  pus,  infusion  of 
putrid  flesh,  &c.  Of  these  it  is  unnecessary  to  speak,  as  they 
were  succeeded  by  others  in  which  the  nature  of  the  substance 
injected  was  less  complex,  and  consisted  in  the  products  of  a 
single  variety  of  naicro-organism  grown  in  an  artificial  medium. 
These  experiments  have  taught  that  (1)  substances  causing  a  rise 
of  temperature  when  injected  into  an  animal  may  be  produced 
by  non -pathogenetic  as  well  as  by  pathogenetic  micro-organisms  ; 
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(2)  the  pyrogenetic  substance  itself  in  such  cases  is  usually  an 
albumose. 

But  many  other  substances  besides  micro-organisms  and  their 
products  lead  to  fever  when  injected  into  the  circulation.  Such 
are  fresh  and  sterile  extracts  of  muscle,  thyroid,  &c.,  fibrin 
ferment,  commercial  'peptones'  (albumoses).  Moreover,  an 
'  aseptic '  fever  is  known  in  which  a  marked  rise  of  tempera- 
ture occurs  after  an  aseptic  injury,  e.g.  fracture  of  a.  long  bone. 
These  facts  (and  others)  have  led  Ughetti  to  reconsider  the 
question,  and  finding  that  in  all  cases  of  fever  there  is  evidence 
of  blood  destruction,  he  concludes  that  the  true  cause  of  fever  is 
to  be  found  in  the  haemol5^sis.  Ughetti's  view  is  probably  too 
narrow,  but  the  fundamental  principle  underlying  it,  viz,  that 
destruction  of  cells  is  to  be  associated  with  fever  production  is 
probably  correct.  More  than  this  cannot  be  said  at  the  present 
time  :  What  is  the  nature  of  the-  pyrogenetic  substance  ?  What 
is  the  method  of  its  action '?  Have  we  to  deal  with  one  substance 
or  many  ?  are  questions  to  which  no  answers  can  as  yet  be  given. 

(vi)  Antipyretics. — In  1882  and  the  succeeding  years  there 
was  made  known  by  Filehne  a  series  of  chemical  substances 
which  have  the  power  of  lowering  febrile  temperature.  These 
substances,  of  which  kairin,  antipyrin,  and  antifebrin  are  the  most 
important,  have  a  very  marked  and  rapid  action  both  upon  man 
and  lower  animals.  Their  mode  of  action  differs  from  that  of 
the  older  antifebrile  remedies  such  as  quinine.  Quinine,  as  for 
example  in  ague,  lowers  temperature  by  its  action  upon  the 
micro-organism  causing  the  disease,  but  kairin  and  antipyrin  act 
by  altering  the  condition  of  the  blood-vessels  in  the  skin  and  so 
increasing  heat  loss.  The  actions  of  kairin  and  antipyrin  have 
been  examined  experimentally.  Richter  (kairin),  working  upon 
animals  in  which  fever  had  been  induced  by  injection  of  pyro- 
genetic substances,  and  Gottlieb  (antipyrin),  working  upon  animals 
made  hyperthermic  by  cerebral  puncture,  showed  by  means  of 
the  calorimeter  that  thermolysis  is  increased.  Maraghano  (kairin 
and  antipyrin),  working  with  the  arm-plethysmograph  upon 
febrile  patients,  showed  that  the  volume  of  the  arm,  i.e.  the 
amount  ol  blood  in  the  arm,  is  increased.  Geigel  (antipyrin),  by 
his  thermo-electric  method,  showed  that  surface  temperature  is 
increased  before  central  temperature  begins  to  fall.  These  facts 
are  of  course  physiologically  correlated,  and  hence  we  must 
conclude  that  kairin  and  antipyrin  lower  fever  by  acting  on  the 
central  nervous  mechanism  which  inhibits  surface  loss  of  heat. 

Antipyrin  and  quinine  diminish  nitrogenous  metabolism,  but 
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according  to  Kumagawa  all  other  antipyretics,  including  kairin, 
increase  ^nitrogenous  metabolism.  There  is  a  marked  difference 
between  the  action  of  antipyretics  in  health  and  in  fever,  for 
whereas  in  fever  they  lower  temperature,  in  health  they  have  no 
such  effect.  According  to  Eichter,  when  the  temperature  of  a 
febrile  animal  treated  with  kairin  has  fahen  to  normal,  the  surface 
loss  of  heat  is  diminished  and  actually  falls  below  the  normal. 
The  importance  of  these  facts  will  appear  later. 

(vii)  The  Theory  of  Fever.— Having  considered  the  principal 
characters  of  fever  and  the  changes  to  which  it  gives  rise  in  tlie 
body,  it  is  now  necessary  to  inquire  into  the  theory  of  fever.  The 
questions  to  which  we  shall  endeavour,  though  with  but  partial 
success,  to  find  answers  are :  {a)  What  is  the  nature  of  the 
febrile  process  ?  (&)  What  is  the  cause  of  the  rise  of  tempera- 
ture in  fever?  and  (c)  Why  do  we  separate  hyperthermia  from 
pyrexia  ? 

(ft)  What  is  the  Nature  of  the  Febrile  Process  /—It  is  only 
within  the  last  half-century  or  thereabouts  that  this  question  has 
been  approached  scientifically,  and  it  dates  its  origin  from  the 
discovery  that  vascular  processes  are  dominated  by  the  nervous 
system.     From  the  time  when  Yirchow  considered  the  subject 
and  wrote  his  '  Pathology,'  it  has  been  customary  to  regard  fever 
as  a  disorder  of  thermal  regulation,  though  whether  the  disorder 
is  primarily  one  of  the  central  nervous  system  and  secondarily 
one  of  metabohsm,  or  primarily  one  of  metabohsm  and  secondarily 
one  of  the  central  nervous  system,  was  a  matter  of  doubt.  On 
all  hands  it  was  agreed  that  there  is  a  fever-exciting  cause,  but 
whether  that  cause  attacks  the  nervous  system  and  puts  it  out  of 
gear,  with  the  result  that  metabohsm  suffers,  or  attacks  the 
tissues,  rendering  them  more  labile  than  in  health,  with  the  result 
that  the  thermotaxic  mechanism  is  thrown  out  of  gear,  was  and 
still  is  a  matter  of  doubt.    Most  authorities  hold  that  the  prime 
fault  lies  in  the  thermotaxic  mechanism ;  but  others,  for  example 
Ughetti,  hold  that  tissue  destruction  by  the  fever-causing  agent 
is  primary. 

Among  those  authorities  who  ascribe  fever  to  a  fault  m  the 
thermotaxic  mechanism  there  is  a  great  divergence  of  opinion. 
One  school  (that  of  Liebermeister,  Filehne,  Lowit,  Eichter,  and 
others)  maintains  that  the  thermotaxic  mechanism  is  abnormal, 
but  nevertheless  behaves  approximately  in  the  same  way  as  the 
normal  mechanism  ;  the  other  school  (that  of  Traube,  Cohnheim, 
Senator,  Krehl,  and  others)  maintains  that  the  thermotaxic 
mechanism  is  the  same  as  in  health  but  behaves  in  an  abnormal 
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fashion.  The  difference  between  these  two  views  will  become 
clearer  as  we  proceed. 

According  to  the  Liebermeister  school,  in  fever  the  thermo- 
taxic  centre  is  '  set '  for  a  higher  point  than  it  is  in  health.  We 
can  compare  ihe  idea  with  the  '  setting  '  of  a  thermo -regulator 
in  the  laboratory  for  a  higher  temperature.  If  such  a  thermo- 
regulator  be  set  for  (say)  20°  C,  directly  the  temperature  ot  the 
fluid  in  which  it  is  immersed  falls  below  20°  C.  the  mercury  in  the 
regulator  (taking  this  form  of  regulator  as  an  example)  contracts, 
with  the  result  that  more  gas  passes  to  the  gas  burner,  more  heat 
is  given  out,  and  the  temperature  of  the  fluid  in  which  the 
regulator  is  placed  rises ;  if,  on  the  other  hand,  the  temperature 
of  the  fluid  rises  above  20°  C,  the  mercury  expands,  shuts  off  a 
certain  amount  of  gas,  the  flame  becomes  smaller,  and  the  tem- 
perature of  the  fluid  in  which  the  thermo-regulator  is  placed  falls. 
Small  variations  occur  on  either  side  of  20°,  but  the  temperature 
is  kept  constant,  because  a  fall  automatically  invokes  an  increase 
in  external  supply  of  heat,  and  because  a  rise  automatically 
invokes  a  diminution  in  external  supply  of  heat.  Now  the 
thermo-regulator  can  be  set  at  any  temperature  (say  30°  C.)  at 
will,  and  about  that  temperature  the  same  series  of  changes  will 
take  place  as  have  been  described  for  a  temperature  of  20°. 
Liebermeister's  view  was  that  in  fever  the  thermotaxic  centre 
is  set  for  say  40°  C.  instead  of  37°  C.  and  is  therefore  abnormal, 
but  about  the  temperature  of  40°  the  mechanism  behaves 
approximately  in  the  same  way  as  normally  it  behaves  about 
37°  C. 

The  phenomena  upon  which  Liebermeister's  view  is  founded 
may  be  exemplified  in  the  following  experiment.  If  a  healthy 
person  with  temperature  37°  C  be  placed  in  a  cold  bath  until  his 
temperature  has  fallen  about  -2°  C.  he  shivers ;  if  he  be  placed  in 
a  hot  bath  until  his  temperature  has  risen  about  "2°  C.  he 
perspires.  Exactly  the  same  is  true  for  a  fever  patient  whose 
temperature  is  40°  C.  :  if  he  be  placed  in  a  cold  bath  until  his 
temperatm-e  has  fallen  about  -2°  C.  he  shivers  ;  if  he  be  placed  in 
a  warm  bath  until  his  temperature  has  risen  about  -2°  he  perspires. 
But  there  is  this  difference  between  the  two  cases,  the  healthy 
man  shivers  at  36-8°,  perspires  at  37-2°,  the  fevered  man  shivers 
at  39-8°,  perspires  at  40-2°. 

Now  this  behaviour  both  on  the  part  of  the  normal  and  on  the 
part  of  the  fevered  patient  is  so  constant  and  so  characteristic  that 
it  has  attracted  much  attention,  but  it  is  a  question  whether  the 
deductions  that  have  been   drawn   from  the   experiment  are 
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justifiable.    For  it  is  doubtful  whether  the  central  temperature 
has  anything  to  do  with  the  phenomena  at  all,  as  is  indeed  sug- 
gested by  the  mere  fact  that  one  man  shivers  when  his  tempera- 
ture is  3°  C.  higher  than  the  other.    It  is  surface  temperature  and 
not  internal  temperature  that  determines  the  shivering  or  the 
sweating.    This  is  shown  by  the  fact  that  if  a  healthy  person 
whose  internal  temperature  has  been  raised  by  placing  him  in  a 
warm  bath,  and  who  is  sweating,  be  suddenly  and  momentarily 
exposed  to  a  draught  of  cold  air,  he  shivers,  and  that  not  because 
his  internal  temperature  has  been  brought  down  to  below  the 
normal,  for  it  still  remains  above  normal,  but  because  a  sudden 
fall  has  been  induced  in  his  surface  temperature.    In  Lieber- 
meister's  experiments  the  cold  bath  certainly  lowers  internal 
temperature,  but  it  first  and  to  the  greatest  extent  lowers  surface 
temperature  ;  the  hot  bath  certainly  raises  internal  temperature 
but  it  first  and  to  the  greatest  extent  raises  surface  temperature. 
Hence  the  experiment  shows  that,  in  fever,  the  normal  behaviour 
of  the  organism  when  its  surface  temperature  is  rising  or  is 
falhng  is  not  abolished,  but  it  does  not  show  that  in  fever  the 
heat  regulating  centre  is  '  set '  for  a  higher  temperature  in  the 
same  sense  as  a  thermo-regulator  in  the  laboratory  can  be  set  for 
a  higher  temperature. 

According  to  the  Traube  school  the  alteration  of  thermotaxis 
in  fever  consists  in  a  derangement  of  that  part  of  the  mechanism 
which  presides  over  heat  loss.    There  is  no  question  of  '  setting  ' 
for  a  higher  temperature,  but  the  higher  temperature  in  fever 
is  produced,  in  the  initial  stage,  because  heat  loss  is  diminished 
owing  to  contraction  of  the  peripheral  blood-vessels,  and  in  the 
fastigium  because  heat  loss  is  diminished  principally  owing  to 
the  failure  of  evaporation  from  sweating.    Upon  the  latter  point, 
to  which  attention  was  first  drawn  by  Leyden  in  1868,  great  stress 
is  laid,  and  there  is  no  doubt  that  in  fever  the  skin  is  commonly 
dry,  but  it  has  already  been  mentioned  that  this  is  not  always  the 
case.    The  fall  of  temperature  in  defervescence  according  to  this 
school  depends  upon  the  greatly  increased  loss  of  heat  brought 
about  by  the  vascular  dilatation  and  the  profuse  sweating  that 
characterise  this  stage. 

In  spite  of  the  fact  that  the  Liebermeister  school  still  claims 
some  distinguished  members,  the  views  put  forward  by  Traube, 
though  not  in  their  originally  exclusive  form,  are  rapidly  gaining 
ground.  Zuntz  has  shown  that  among  reflex  mechanisms 
that  presiding  over  surface  loss  is  the  only  one  constantly  in 
operation;    Maragliano   has   shown   that   peripheral  vascular 
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contraction  precedes  the  rise  of  temperature,  peripheral  vascular 
dilatation  precedes  the  fall  of  temperature  in  fever  ;  Geigel  has 
shown  that  surface  temperature  is  diminished  and  increased  before 
the  rise  and  the  fall  of  febrile  temperature,  respectively,  take 
place  ;  Eichter  has  shown  that  when  the  temperature  of  a  febrile 
animal  falls  as  the  result  of  administration  of  kairin,  the' animal 
discharges  more  heat.  All  these  facts  indicate  the  importance  of 
that  portion  of  the  therm o-regulatory  mechanism  which  presides 
over  heat  loss  in  determining  the  processes  of  fever ;  but  it  must 
be  remembered  that  this  is  not  identical  with  an  assertion  that 
fever  depends  upon  a  derangement  of  the  thermolytic  function. 

The  suggestion  has  been  put  forward  by  MacAlister  that  in  the 
brain  we  have  three  centres  concerned  with  the  heat  function,  a 
thermogenetic,  a  thermolytic,  and  a  thermotaxic,  and  according 
to  the  one  or  other  thrown  out  of  gear  so  the  characters  of  the 
temperature  are  modified.  If  the  thermotaxic  centre  is  deranged, 
then  the  temperature  is  irregular ;  if  the  thermogenetic  or  the 
thermolytic,  then  fever  is  produced  ;  if  all  three  centres  are 
deranged,  then  we  find  an  irregular  rising  febrile  temperature. 
Upon  this  view  the  thermogenetic  centre  is  in  some  way 
connected  with  the  muscles,  and  the  thermolytic  centre  with 
the  blood-vessels,  while  the  thermotaxic  centre  controls  the 
other  two. 

There  are  many  points  which  are  left  unexplained  by  Mac- 
Alister's  hypothesis,  such  as  the  question  whether  the  effect  of 
cerebral  puncture  is  to  stimulate  a  centre  presiding  over  heat 
formation  or  to  paralyse  a  centre  presiding  over  heat  loss,  both 
of  which  would  produce  the  same  result — a  rise  of  temperature. 
Moreover,  for  the  explanation  of  all  variations  of  temperature, 
and  the  phenomena  accompanying  the  maintenance  of  an  even 
temperature  in  health,  the  existence  of  but  one  centre  is  theo- 
retically necessary  so  long  as  it  is  constantlj^  at  work.  The 
.experiments  of  Zuntz  have  shown  that  the  reflex  mechanism  for 
regulating  loss  of  heat  is  always  at  work,  and  hence  we  need  go 
no-  further  than  to  imagine  a  centre  presiding  over  thermolysis. 
The  thermogenetic  and  thermotaxic  centres  of  MacAhster  are 
theoretically  superfluous,  though  perhaps  a  definitely  thermo- 
genetic centre  exists,  judging  from  the  effects  of  cerebral  puncture. 
Derangement  of  the  thermolytic  centre  must  mean  derangement 
of  heat  regulation,  and  so  long  as  the  centre  acts  at  all,  derange- 
ment of  heat  regulation  must  mean  a  rise  of  temperature,  snice 
production  of  heat  is  always  potentially  in  excess  of  thermolysis. 
If  the  centre  fails  completely  the  case  is  different,  for  then  no 
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limitations  are  put  upon  heat  loss,  and  the  temperature  is 
determined  by  heat  production  alone  ;  complete  failure  occurs  in 
shock,  in  collapse,  in  many  persons  during  the  last  hours  of  life, 
and  since  under  these  conditions  heat  production  is  reduced  to  a 
very  low  level,  we  find  that  the  temperature  of  such  patients  is 
correspondingly  low. 

Influenced  by  his  researches  on  the  brain,  Aronsohn  holds 
that  '  the  febrile  state  consists  in  a  morbidly  increased  stimula- 
tion of  the  recognised  heat  centres,  by  which  the  motor- trophic 
apparatus  of  the  skeletal  and  vascular  muscles  is  stimulated  to 
increased  heat  production,  increased  metabohsm,  and.  alteration  in 
heat  loss.  The  types  of  fever  vary  with  the  types  of  stimulus, 
are  very  numerous,  and  are  modified  by  the  various  tissues.'  But 
'  the  fundamental  type  is  that  induced  by  mechanical,  physical,  or 
chemical  stimulation  of  the  heat  centre  alone.' 

The  answer,  therefore,  to  the  question.  What  is  the  nature  of 
the  febrile  process  ?  with  which  we  set  out,  must  be  :  It  consists 
in  the  derangement  of  normal  thermo-regulation,  a  process 
which  is  carried  out  in  the  central  nervous  system,  and  the 
most  important  part  of  which  consists  in  regulation  of  heat 
loss;  nevertheless  abnormality  in  heat  production  undoubtedly 
plays  a  part  also,  though  how  great  a  part  is  at  present  un- 
determined. 

(b)  What  is  the  Cause  of  the  Bise  of  Temperature  in  Fever 
This  question  is  closely  allied  with  the  one  which  has  just  been 
discussed,  but  the  two  are  not  identical.  We  may  grant  that 
the  changes  leading  to  fever  are  initiated  in  the  central  nervous 
system,  we  may  allow  that  it  is  thermolysis  which  is  essentially 
at  fault,  but  that  does  not  ehminate  the  possibility  that  the  rise 
of  temperature  may  be  due  to  a  disordered  production  of  heat 
with  which  a  disordered  thermolytic  mechanism  is  unable  to  cope. 
Though  a  disordered  thermolytic  mechanism  alone  may  account 
for  a  rise  of  temperature,  it  does  not  follow  that  a  rise  of  tempera- 
ture depends  upon  disordered  thermolysis  alone. 

With  regard  to  the  cause  of  the  rise  of  temperature  in  fever, 
the  views  of  Liebermeister  and  of  Traube  were  diametrically 
opposite.  Liebermeister  held  that  the  temperature  rises  because 
there  is  a  greater  production  of  heat,  Traube  held  that  tempera- 
ture rises  because  there  is  a  diminished  loss  of  heat.  Cohnheim 
held  that  both  heat  production  and  heat  loss  are  modified  in  fever, 
and  that  the  rise  of  temperature  depends  upon  both  causes  ; 
Senator  holds  that  modification  of  heat  loss  is  alone  responsible. 
Now,  though  there  is  no  doubt  that  in  the  initial  stage  of  fever 
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the  heat  loss  is  diminished,  there  is  equally  no  doubt  that  in 
a  large  number  of  cases  during  the  fastigium  the  loss  of  heat  is 
increased.  This  has  been  shown  directly  by  Hale  White  from 
consideration  of  surface  temperature  and  the  amount  of  sweat 
secreted  in  a  given  time.  Hale  White  found  that  in  pneumonia 
and  in  erysipelas  the  heat  loss  is  considerably  increased,  and 
since  the  temperature  has  risen  he  concludes  that  heat  produc- 
tion must  have  been  increased  lo  an  even  greater  extent.  May, 
also,  in  the  fevered  rabbit  found  that  the  organism  produces 
about  10  per  cent,  more  heat  than  does  the  healthy  animal  upon 
the  same  diet,  and  the  experiments  of  Nebelthau  point  in  the 
same  direction,  though  he  finds  a  much  smaller  increase  of  heat 
production  than  May,  and  in  a  few  cases  found  that  heat  produc- 
tion was  practically  normal. 

It  appears,  then,  that  we  cannot  say  that  the  rise  of  tempera- 
ture in  fever  is  due  to  diminished  heat  loss  (heat  retention) 
exclusively,  or  to  increased  heat  production  exclusively.  Both 
heat  production  and  heat  loss  are  abnormal,  and  in  one  case  it 
may  be  that  the  rise  of  temperature  is  due  to  an  excessive  heat 
production  with  which  heat  loss,  though  increased  beyond  the 
normal,  is  unable  to  cope,  and  in  another  case  temperature  may 
rise,  though  heat  production  is  practically  unaltered,  because 
the  diminution  of  heat  loss  is  so  great  that  heat  is  retained. 

We  have  already  considered  heat  loss  at  sufficient  length,  but 
heat  production  in  fever  must  detain  us  for  a  moment.  There 
is  no  difficulty  in  associating  an  increase  of  heat  production  in 
fever  with  the  increase  of  nitrogenous  metabolism  ;  May  found 
that  in  fever  along  with  an  increase  of  10  per  cent,  in  heat  pro- 
duction there  was  an  increase  of  25  per  cent,  in  nitrogenous 
metabohsm  above  the  normal.  But  when  we  ask  whether  this 
means  that  a  central  modification  calls  forth  an  increase  of  tissue 
metabohsm  in  order  to  produce  more  heat,  or  means  that  the 
fever-exciting  cause  by  its  action  on  the  tissues  damages  them  and 
the  heat  is  produced,  so  to  speak,  accidentally  during  the  process 
of  their  removal,  we  can  get  no  clear  answer.  Nevertheless,  in 
febrile  diseases  the  tissues  are  undoubtedly  damaged,  and  removal 
of  the  damaged  tissue  is  necessary,  and  the  leucocytes,  to  the 
destruction  of  which  we  have  ascribed  certain  peculiarities  of  the 
nitrogenous  metabolism,  cannot  be  regarded  as  primarily  directed 
towards  heat  production,  so  that  it  is  perhaps  easier  (though  one 
must  not  dogmatise  upon  the  point)  to  adopt  the  second  view,  and 
hold  that  increased  heat  production  in  fever  is,  so  to  speak, 
accidental,  and  occurs  only  because  the,  removal  of  damaged 
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tissue-cells  and  leucocytes  is  carried  out  by  a  process  of  com- 
bustion. 

The  fact  that  in  certain  cases  there  may  be  an  increased 
destruction  of  proteid  without  a  rise  of  temperature  is  only  an 
apparent  and  not  a  real  difficulty,  for  it  need  hardly  be  pointed 
out  that  increase  of  heat  production  and  rise  of  temperature  are 
not  synonymous  terms.  It  has  been  pointed  out  by  Naunyn  that 
in  infective  disease'  we  may  have  increased  destruction  of  proteid 
before  the  temperature  rises ;  by  von  Noorden,  that  in  malaria 
we  may  have  increased  excretion  of  urea,  when,  as  the  result  of 
medication  with  quinine,  the  temperature  does  not  rise ;  by 
Lowit,  that  in  typhoid  fever  and  septic  infection  we  may  have 
enormous  destruction  of  proteid  with  but  slight  rise  of  tempera- 
ture. But  these  facts  do  not  mean  that  in  the  destruction  of 
proteid  no  heat  is  set  free,  and  that  it  is  for  this  reason  that  the 
temperature  does  not  rise :  the  failure  to  rise  of  the  temperature 
under  the  circumstances  must  certainly  be  ascribed  to  a  propor- 
tionate increase  of  heat  loss,  dependent  probably  in  Naunyn's 
and  in  Lowit's  cases  upon  a  condition  approaching  to  complete 
inactivity,  and  in  von  Noorden's  case  upon  a  condition  approach- 
ing to  normality  of  the  thermolytic  mechanism. 

(c)  Why  do  we  Separate  Hyperthermia  from  Pyrexia  ? — This 
question  seems  the  more  reasonable  the  closer  the  two  conditions 
are  examined.  The  temperature  is  raised  in  both,  the  respiratory 
exchange  when  the  temperature  is  rising  is  increased  in  both,  the 
nitrogenous  metabolism  is  increased  in  both,  the  rates  of  respira- 
tion and  of  heart  beat  are  increased  in  both,  and  anatomical 
changes  of  the  tissues  more  or  less  alike  are  induced  by  both. 

In  a  sense  fever  may  be  considered  as  a  subdivision  of  hyper- 
thermia, and  at  some  future  date  it  will  perhaps  be  generally 
described  as  such,  but  at  present  it  is  advisable  to  keep  the  two 
conditions  apart  for  the  following  reasons  : 

1.  The  term  '  fever '  is  clinical,  and  is  a  useful  term  to  cover  a 
group  of  phenomena  met  with  under  a  variety  of  circumstances 
and  with  the  greatest  frequency.  Hyperthermia  relatively  to 
fever  is  a  rare  condition. 

2.  The  causes  of  fever  and  of  hyperthermia  are  absolutely 
different ;  this  again  is  a  clinical  reason, 

3.  There  are  certain  differences  between  the  phenomena  of 
fever  and  the  phenomena  of  hyperthermia,  notably  the  behaviour 
of  the  peripheral  blood-vessels  in  the  stage  during  which  internal 
temperature  is  rising ;  the  greater  height  to  which  the  tempera- 
ture can  rise  in  hyperthermia  without  a  necessarily  fatal  result ; 
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the  shorter  duration  of  hyperthermia  (even  after  cerebral  puncture 
it  only  lasts  two  or  three  days  unless  puncture  is  repeated)  ;  the 
frequency  with  which  a  rise  in  the  alkalinity  of  the  blood  is  seen 
in  fever,  whereas  in  hyperthermia  the  alkalinity  either  remains 
unaltered  or  sinks  considerably  ;  the  different  behaviour  of  animals 
made  hyperthermic  by  cerebral  puncture  on  exposure  to  external 
heat  and  cold  ;  and  lastly,  the  different  appearances  presented 
by  the  Nissl  bodies  in  the  two  cases. 

When  we  have  learnt  to  separate  the  phenomena  of  '  fever ' 
into  those  strictly  due  to  rise  of  temperature  and  those  strictly 
due  to  the  cause  of  the  disease  of  which  fever  is  a  symptom,  the 
word  *  fever '  will  no  longer  have  a  meaning,  but  till  then  it  may 
profitably  be  preserved. 

(viii)  The  Meaning-  of  Fever  for  the  Economy.— Just  as  we 
found  in  the  case  of  inflammation  that  the  process  is  considered 
by  one  school  as  purposeful  and  by  another  school  as  detrimental, 
so  in  the  case  of  fever  we  find  that  some  authorities  ascribe  to  it 
a  curative  tendency,  while  others  deny  that  it  subserves  any 
useful  purpose  whatever. 

The  idea  that  fever  is  beneficial  is  as  old  as  Hippocrates,  and 
down  the  centuries  this  view  has  at  times  been  ascendant;  at 
times  the  contrary  view  has  prevailed.  Hippocrates  (430  B.C.), 
Asklepiades  (100  B.C.),  Eufus  of  Ephesus  (100  B.C.),  Sydenham 
(1650  A.D.),  Hoffmann  (1700  a.d.)  all  regarded  fever  as  beneficial, 
but  with  Zacuto  (1667  a.d.),  there  arose  the  opinion  that  it  is  an 
unquahfied  evil.  Liebermeister  held  this  view  very  strongly: 
'  A  man  whose  temperature  is  kept  for  some  time  at  40°  or  more 
succumbs  of  a  certainty  as  the  result  of  the  increase  of  tempera- 
ture ;  some  die  sooner,  others  later  according  to  the  individual 
resistance.'  Many  pathologists  and  physicians  followed  Lieber- 
meister, but  Naunyn,  Senator,  Unverricht,  and  others  held  out  on 
the  opposite  side.  With  the  progress  of  bacteriology,  the  subject 
was  again  investigated,  and  now  experimentally.  Walther  in- 
vestigated the  effect  of  temperature  upon  rabbits  infected  with 
pneumococcus  ;  one  animal  was  kept  in  a  warm  chamber  at  40°- 
42°  C,  a  control  was  kept  at  the  room  temperature.  In  five  such 
experiments  Walther  found  that  the  onset  of  generaHnfection 
was  prevented  so  long  as  the  animals  were  hyperthermic,  but  as 
soon  as  they  were  removed  from  the  warm  chamber  genera 
infection  set  in,  as  in  the  control,  and  led  to  death.  Bovighi,  using 
the  bacillus  of  rabbit  septicaemia  and  anthrax  bacilH,  found  tha 
artificial  warming  prolonged,  artificial  cooling  shortened  lite- 
Filehnc,  working  with  Str.  erysipelatis  on  the  rabbit's  ear,  came 


MEANING  OF  FEVEE  FOE  ECONOMY 


435 


to  similar  results,  with  the  addition  that  in  the  warmed  animal 
the  infection  runs  a  more  rapid,  a  more  pronounced,  and  a  more 
favourable  course  than  in  the  cooled  animal. 

In  the  experiments  of  Walther,  Eovighi,  and  Fiiehne,  the 
animal  was  rendered  hyperthermic  by  exposure  to  external 
warmth ;  Lowy  and  Eichter  investigated  the  question  when  the 
animal  was  rendered  hyperthermic  by  cerebral  puncture.  It  is 
impossible  to  deal  with  their  important  paper  at  length,  but  the 
general  result  of  their  experiments  (made  with  pneumococcus, 
swine  erysipelas,  chicken  cholera,  and  diphtheria  toxin)  was  to 
show  that  the  increase  of  temperature  exerts  a  decidedly  bene- 
ficial effect  upon  the  course  of  the  disease.  Thus  with  pneumo- 
coccus they  found  in  one  case  that  the  hyperthermic  animal 
(temperature  41-1°)  inoculated  with  a  certain  dose  lived  thirty 
hours,  the  control  inoculated  with  only  one-hundredth  part  of  the 
dose  died  in  twenty  hours  ;  in  another  case  the  control  animal 
died  in  forty-eight  hours,  but  the  hyperthermic  animal  (tempera- 
ture 41-5°),  inoculated  with  four  times  the  dose,  survived. 

Experiment,  therefore,  seems  strongly  to  support  the  view  that 
hyperthermia  has  a  curative  action,  and  thence  it  is  but  a  short 
step  to  considering  fever  as  beneficial,  and  as  evidence  of  the 
setting  in  motion  by  the  organism  of  one  of  its  defensive  mecha- 
nisms. And  certainly  in  pneumonia,  erysipelas,  cerebro-spinal 
meningitis,  typhoid  fever,  the  prognosis  is  better  if  the  patient's 
temperature  is  moderately  high  than  if  it  is  definitely  low. 
Nevertheless,  Ziegler,  consistent  with  his  view  as  to  the  meaning 
of  inflammation  for  the  economy,  holds  that  the  rise  of  tempera- 
ture in  fever  subserves  no  useful  purpose,  but,  as  is  shown  by 
Werhovsky's  experiments,  produces  changes  that  are  unmiti- 
gatedly  detrimental. 

But  even  if  we  grant  that  fever  is  beneficial,  we  are  completely 
ignorant  of  the  manner  in  which  it  acts.  Whether  it  acts  inju- 
riously upon  the  bacteria  or  upon  their  toxins,  whether  it  acts  by 
virtue  of  the  increased  alkahnity  of  the  blood  which  often  accom- 
panies fever,  whether  it  increases  the  resistance  of  the  tissues,  it 
is  at  present  impossible  to  decide.  There  are  reasons  for  and 
against  each  of  these  suggestions. 
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CHAPTBE  XII 
THE  PATHOLOGY  OF  NUTBITION 


Synopsis 

I.  General  Considerations  on  Nutri- 
tion. 

(i)  The  Blood-Supply. 

(ii)  The  Cell. 

(iii)  Influence      of  Nervous 

System. 

II.  Local  Death. 

(i)  Gangrene. 

(ii)  Coagulation-Necrosis. 

(iii)  CoUiquative-Necrosis. 

(iv)  Fat-Necrosis. 

III.  The  Degenerations   and  Infiltra- 

tions. 

(i)  Fatty  Changes. 

(ii)  The  Lardaceous  Change. 

(iii)  Colloid,     Mucoid,  and 

Hyaline  Changes. 

(iv)  Cloudy  Swelling. 


(v)  Calcification. 

(vi)  Pigmentation. 

IV.  Atrophy  and  Hypertrophy. 

(i)  Atrophy. 

(ii)  Hypertrophy. 

(iii)  Chronic  Fibrosis  and 
certain  Allied  Changes 
in  Bones  and  Joints. 

V.  The      New-Growths      or  Neo- 
plasms. 

(i)  Definition. 

(ii)  Classifications. 

(iii)  Histological  Characters. 

(iv)  Nutritional  Changes 
undergone  by  Neo- 
plasms. 

(v)  Pathogenesis. 

(vi)  Cysts. 


The  pathology  of  'nutrition'  is  logically  co-extensive  with 
pathology,  for  every  pathological  condition  is  fundamentally  a 
nutritive  one.  But  it  is  customary  to  restrict  the  meaning  of 
the  term  to  certain  changes  seen  in  the  tissues.  These  are: 
local  death ;  the  degenerations  and  infiltrations ;  atrophy  and 
hypertrophy;  and  the  formation  of  new-growths.  To  this 
custom  we  shall  adhere,  and  after  a  few  remarks  have  been  made 
on  the  pathology  of  nutrition  generally,  we  shall  discuss  the  above 
subjects  in  the  order  given. 

I.  General  Considerations.— Since  the  tissues  are  composed 
of  cells  or  their  derivatives,  nutrition  of  a  tissue  comes  to  mean 
nutrition  of  its  component  cells  or  cell-derivatives.  These  cells 
take  up  substances  from  the  blood  or  lymph,  build  them  more  or 
less  closely  into  their  own  structure,  break  some  of  them  down  in 
the  performance  of  function  and  cast  the  waste  products  again 
into  the  lymph.    Hence  normal  nutrition  depends  upon  two 
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factors,  the  blood  and  the  cell.  When  either  of  these  is  abnormal, 
nutrition  is  altered,  and  with  the  alteration  of  nutrition  there  conic 
modification  of  structure  and  modification  of  function.  Neverthe- 
less it  does  not  follow  that  we  are  always  able  to  detect  the  struc- 
tural alteration  with  the  means  at  our  disposal,  for  greater  changes 
are  necessary  to  produce  recognisable  structural  alteration  of  cells 
than  are  necessary  to  produce  recognisable  functional  alteration. 

The  blood  and  the  cell  are  themselves  subject  to  many  in- 
fluences. The  blood  is  constantly  changing  in  composition  ;  food, 
drink,  substances  thrown  into  it  by  other  cells,  whether  for 
removal  from  the  body  or  as  internal  secretions,  all  produce  their 
effect.  The  cell  possesses  an  inherent  power  to  feed  itself  which 
it  has  received  from  its  parent,  and  in  the  majority  of  cases  it  is 
under  the  control  of  the  nervous  system.  The  action  and  inter- 
action of  blood  and  cells  must  therefore  bring  about  that  inter- 
dependence of  tissues  to  which  reference  was  made  in  the  first 
chapter,  and  no  alteration  of  nutrition  in  one  part  can  be  without 
its  effect  upon  the  nutrition  of  all  parts.  We  must  therefore 
consider  briefly,  in  connection  with  the  pathology  of  nutrition, 
(i)  the  blood  supply,  (ii)  the  tissue,  (iii)  the  influence  of  the 
nervous  system. 

(i.)  The  Blood-Supply.— As  we  have  already  dealt  fully  with 
the  blood  and  circulation,  it  is  unnecessary  to  consider  this  factor 
in  nutrition  at  length.  From  what  has  been  said,  it  is  clear  that 
all  conditions  which  modify  the  constitution  of  the  blood  or  its 
distribution  are  liable  to  produce  tissue-change.  In  most  cases 
the  blood-supply  or  the  blood  itself  is  altered  in  the  direction  of 
deficiency.  The  heart  is  enfeebled,  the  blood-vessels  are  narrowed 
or  obstructed,  there  is  oligocythaemia  or  ohgochromsemia,  or  the 
blood-plasma  is  more  watery  than  normal  or  fails  to  contain  some 
internal  secretion.  Sometimes  the  direction  is  in  that  of  excess, 
but  since  the  tissues  themselves  are  a  determining  factor  in  then- 
own  nutrition,  an  excessive  supply  of  blood  acting  alone  must  be 
very  marked  and  long  continued  before  it  produces  tissue-change, 
except  in  the  case  of  delicate  tissues  such  as  nerve-matter  and 
gland.  Sometimes  the  blood  contains  a  completely  abnormal  sub- 
stance, as  in  the  case  of  poisons,  whether  inorganic  (e.^.  phosphorus, 
arsenic)  or  bacterial  {e.g.  diphtheria  toxin,  etc.),  or  a  substance 
which  is  normally  discharged  from  the  body  {e.g.  in  uraemia). 

Modifications  of  the  blood  also  produce  modifications  of  the 
lymph.  But  the  lymph  may  also  undergo  changes  on  its 
own  part;  the  chief  of  these  consists  in  absorption  of  ab- 
normal substances  from  the  tissues,  e.g.  bacteria  and  their  toxins, 
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pigments,  portions  of  malignant  new-growths,  etc.  Deposition  of 
these  in  lymph-glands  leads  to  alteration  of  nutrition  and  tissue- 
change,  here  and  elsewhere. 

(ii)  The  Tissues. — The  tissue-cells  possess  an  inherent  power 
of  taking  up  nourishment  from  the  blood,  which  they  inherit  from  • 
their  parent  cells,  and  which  is  independent  of  the  nervous  sys- 
tem. This  is  seen  well  in  the  case  of  the  leucocyte  ;  it  lives, 
moves,  takes  up  sohds  and  Hquids  into  itself,  and  reproduces  itself, 
independently  of  the  nervous  system  and  of  the  blood-supply, 
only  needing  that  a  nutrient  fluid  shall  be  presented  to  it.  It  is 
especially  true  of  the  most  important  of  all  cells — the  sperm  and 
germ  cells— and  is  probably  true  of  all  cells  in  the  body.  The 
same  inherited  power  to  take  up  nutriment  from  the  blood  is  also 
found  in  the  cells  of  a  sarcoma  or  carcinoma,  for  these  grow  and 
reproduce  themselves  in  characteristic  fashion  quite  apart  from 
nervous  system  and  quite  apart  from  function. 

Where,  then,  there  is  an  inherited  fault  in  the  power  of  taking 
up  nutriment  from  the  blood,  there  must  be  impaired  nutrition  ^ 
and  a  corresponding  tendency  to  tissue-change.  One  of  the  faults 
probably  has  reference  to  the  longevity  of  the  cell,  and  this  might 
well  account  for  pathological  conditions  in  which  tissues  and  cells 
undergo  senile  changes  at  an  early  period  of  somatic  life.  So, 
too,  an  inherited  fault  in  power  of  the  cells  to  take  up  nourish- 
ment from  the  blood  may  underlie  many  of  the  diseases  in  which 
an  hereditary  tendency  is  recognisable. 

But  besides  this  inherent  power,  cells  are  physiologically 
stimulated  to  the  intake  of  nutriment  by  exercise  of  their 
function.  In  this  they  are  largely  aided  by  changes  in  the 
blood-supply,  for  it  is  a  law  that  functional  activity  is  accom- 
panied by  an  increased  supply  of  blood.  But  increased  vascu- 
larity probably  does  not  afford  a  complete  explanation,  for  we 
have  seen  (p.  12-5)  that  when  functional  necessity  is  in  abeyance, 
increased  vascularity  alone  does  not  lead  to  an  increased  output 
of  lymph. 

Disuse  is  one  of  the  most  important  causes  of  impaired 
nutrition  and  tissue-change.    Thus  the   ductus   arteriosus  at 

'  In  their  work  on  hereditary  transmission  of  acquired  immunity,  Charrin  and 
Gley  found  that  the  offspring  of  rabbits  that  had  been  actively  immunised  with 
bacilli  or  toxin  {B.  jnjocyaneus)  were  considerably  below  the  normal  weight  even  6-8 
months  after  birth.  Charrin  and  Nob6cour  carried  the  question  further  and  studied 
the  daily  growth  of  infants  over  long  periods.  They  found  that  whereas  the  lowest 
daily  increase  of  weight  was  16  gms.  in  the  case  of  children  born  of  healthy  parents, 
when  one  or  both  parents  were  diseased,  increases  of  0,  2,  4,  .5,  9,  11  gms.  per  diem 
were  often  observed.    The  infants  were  all  suckled  by  wet-nurses. 
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birth,  the  thymus  gland  after  the  first  year  of  hfe,  the  uterus 
after  parturition,  the  lower  jaw  after  the  teeth  have  been 
removed,  have  all  of  them  entirely  or  largely,  lost  their  function, 
and  partly  as  a  result  of  this  fact  their  nutrition  fails  and  they 
undergo  tissue-changes.  The  muscles,  too,  that  normally  move  a 
joint,  undergo  changes,  and  ultimately  show  great  wasting  if, 
from  disease,  that  joint  becomes  immovable. 

(iii)  The  Influence  of  the  Nervous  System  upon  Nutrition.— 
At  the  end  of  Chapter  VIII.  (p.  254)  the  question  was  discussed 
whether  the  nervous  system  plays  a  part  in  determining  the 
course  of  an  inflammation,  and  it  was  said  that  on  the  whole  it  is 
probable  that  the  nervous  system  exerts  a  direct  influence  on  the 
process.    That  it  exerts  an  indirect  influence  on  inflammation  is 
certain.    In  the  case  of  nutrition  generally  we  are  in  a  somewhat 
stronger  position.    There  is  no  doubt  whatever  that  a  nerve-cell 
exercises  a  nutritive  influence  upon  its  particular  axis-cyhnder, 
for  the  axon  degenerates  when  it  is  separated  from  its  proper 
ganglion  cell.    There  is  no  doubt,  too,  in  infantile  paralysis 
(acute  anterior  poliomyelitis),  a  disease  characterised  by  atrophy 
of  the  large  multipolar  cells  in  the  anterior  horns  of  the  cord, 
that  the  wasting  of  muscle  is  due  not  only  to  disuse,  but  also  to 
the  loss  of  a  physiological  stimulus  normally  passing  from  these 
ganglion  cells  to  the  muscles  which  they  control.    That  such  a 
stimulus  normally  exists  is  shown  by  the  experiments  of  Mott 
and  Sherrington.    These  observers  found  that  if  the  posterior 
roots  of  the  lumbo-sacral  or  of  the  cervico-brachial  plexus  be 
divided  on  the  proximal  side  of  the  ganglion,  though  the  limb  is 
not  moved  by  the  animal  (even  after  the  lapse  of  months)  and 
undergoes  a  wasting  from  disuse,  yet  it  still  can  be  caused  to  con- 
tract by  stimulation  of  the  appropriate  cortical  area  or  of  its 
efferent  nerves  for  months  after  the  operation ;  moreover,  it 
apparently  undergoes  no  degeneration.    If,  on  the  other  hand, 
the  anterior  roots  be  divided,  the  muscles  degenerate  rapidly,  and 
no  such  results  from  stimulation  of  the  efferent  nerves  can  be 
obtained  after  a  very  short  time.    The  perforating  ulcer  of  the 
toe  occurring  in  tabes  dorsalis,  the  acute  bed-sores  seen  in  some 
cases  of  apoplectic  hemiplegia,  the  cutaneous  eruptions  that  some- 
times trace  out  with  wonderful  accuracy  the  course  of  a  nerve 
and  its  branches  (herpes  zoster),  and  some  other  conditions,  are 
strong  evidence  of  the  same  nervous  influence  upon  nutrition. 
Nevertheless  this  mass  of  evidence  must  not  be  regarded  as 
proving  the  existence  of  distinct  '  trophic  nerves  '  ;  the  existence 
of  special  nerve-fibres  controlling  the  nutrition  of  tissues  is  very 
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problematical.  But  whatever  view  be  taken  of  the  existence  of 
trophic  nerves,  it  is  certain  that  disturbance  of  normal  inner- 
vation directly  modifies  the  nutrition  of  skin  and  lowers  its  power 
of  resistance  to  microbic  invasion. 

II.  Local  Death. — It  has  already  been  pointed  out  in  connec- 
tion with  inflammation  (Chapter  IX.  p.  268)  that  persistence  of 
irritant  action  is  a  cause  of  gangrene  and  allied  conditions.  But 
though  inflammation  and  the  changes  accompanying  it  constitute 
one  of  the  most  important  causes  of  local  death,  they  are  not  the 
■only  causes.  Local  death  must  therefore  be  considered  from  a 
more  general  point  of  view. 

Local  death  is  a  concomitant  of  somatic  life,  for  death  of  cells 
.goes  on  side  by  side  with  reproduction  and  growth  of  cells  in 
every  tissue.  But  in  this  case  the  general  structure  of  the  tissue 
does  not  change,  and  the  whole  process  is  physiological.  With 
this  kind  of  local  death  we  have  no  concern.  The  kind  of  local 
death  that  interests  us  from  a  pathological  point  of  view  is  death 
involving  masses  of  cells.  The  number  of  cells  involved  is  at 
times  so  small  as  only  to  be  discoverable  with  difficulty  and  by 
aid  of  the  microscope,  at  times  so  great  as  to  involve  a  whole 
member.  We  shall  consider  (i)  gangrene,  (ii)  coagulation- 
necrosis,  (iii)  colhquative-necrosis,  (iv)  fat-necrosis. 

(i)  Gangrene.— Two  varieties  of  gangrene  are  known:  (a)  dry 
gangrene  or  mummification,  (b)  moist  gangrene  or  sphacelus. 

The  differences  between  these  forms  of  gangrene  are  differences 
of  moisture  and  of  putrefaction.    Dry  gangrene  only  occurs  when 
rapid  evaporation  takes  place  from  the  dead  material.   It  is  there- 
fore found  especially  when  the  part  is  exposed  to  the  air,  when 
the  epidermis  which  opposes  evaporation  is  removed,  or  when 
death  of  the  part  has  been  brought  about  by  cutting  off  its  arterial 
blood-supply.    A  typical  example  of  this  variety  of  local  death 
occurs  in  the  shrivelhng  of  the  umbilical  cord  after  birth.  In 
this  case  the  umbilical  vessels  no  longer  convey  blood,  and  the 
cord,  instead  of  being  surrounded  by  a  liquid  medium  (amniotic 
fluid),  is  surrounded  by  air,  therefore  the  conditions  are  such  as 
to  favour  drying.    Dry  gangrene  also  occurs  in  cases  of  arteritis 
deformans  ('  senile  gangrene  ')  and,  generally,  in  all  conditions, 
pathological  or  surgical,  in  which  an  artery  is  occluded  and 
collateral  circulation  is  not  established. 

Moist  gangrene  occurs  under  the  opposite  conditions,  viz. 
when  evaporation  is  hindered  and  when  blood  reaches  the  dying 
part  or  cannot  escape  from  the  vessels  of  the  dead  part.  Hence 
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.moist  gangrene  occurs  in  tissues  which  have  mortified  as  the 
result  of  extreme  venous  obstruction  or  of  intense  inflammation, 
and  in  parts  w^hich,  in  addition,  are  still  covered  with  epiderrois. 

Moist  gangrene  shows  a  marked  difference  from  dry  gangrene 
in  respect  of  putrefaction,  for  since  moisture  is  necessary  to  the 
growth  of  micro-  organisms,  a  dead  part  which  contains  a  consider- 
able amount  of  water  as  well  as  a  large  amount  of  albuminous 
material  is  an  eminently  suitable  nutrient  medium  for  bacteria, 
and  putrefactive  varieties  grow  in  it  with  readiness.  These 
putrefactive  bacteria  and  the  enzymes  which  they  produce  break 
up  the  constituents  of  the  dead  tissue,  with  the  result  that  nuclei 
disappear,  the  outline  of  cells  is  lost  and  the  soft  tissue  becomes 
converted  into  a  pulpy  mass.  These  changes-,  of  course,  occur 
sooner  the  more  cellular  the  tissue,  where  it  is  resistant  (bone, 
tendon,  fibrous  tissue),  anatomical  appearances  remain  for  a 
much  longer  time ;  indeed,  in  the  case  of  bone,  which  contains 
practically  neither  proteid  nor  water,  there  is  little  difference  in 
appearance  between  the  living  and  the  dead.  As  a  final  result, 
the  gangrenous  mass  comes  to  contain  leucin  and  tj'^rosin, 
crystals  of  ammonio-magnesium  phosphate,  crystals  of  margaric 
acid.  At  the  same  time,  the  iron  of  the  disintegrated  blood- 
pigment,  which  has  escaped  into  the  tissues  generally  from  the 
blood-vessels,  is  converted  into  a  sulphide  by  the  sulphm-etted 
hydrogen  liberated  from  the  decomposing  proteid,  and  gives  to 
the  part  a  greenish-black  colour.  The  Hberated  gases  of  putre- 
faction cause  a  part  undergoing  moist  gangrene  to  yield  a  charac- 
teristic foul  odour,  which  is  not  present,  or  is  present  in  a  much 
smaller  degree,  in  mummification. 

Emphysematous  or  gaseous  gangrene  is  a  special  sub-variety 
of  moist  gangrene.  It  is  of  somewhat  rare  occurrence  but  is  one 
of  the  most  formidable  conditions  to  which  wounds  are  fiable. 
The  condition  is  infective  and  the  particular  character  depends 
upon  the  fact  that  the  gases  formed  in  large  quantities  during  the 
growth  of  the  micro-organism  do  not  escape,  but  collect  in  the 
tissues,  so  that  on  pressure  they  yield  a  peculiar  crackfing  sound 
and  sensation  ('  crepitation  ').  Special  anaerobic  micro-organisms 
have  been  isolated  from  cases  of  emphysematous  gangrene,  viz. 
B.  phlegmonis  etJiphysematoscB  (Fraenkel),  B.  aer o genes  cap. ml atus 
(Welch  and  Nuttall).  In  spite  of  minor  differences  between  the 
organisms  described  by  the  authors  mentioned,  it  is  probable  that 
they  are  identical.  In  addition  certain  cases  have  been  ascribed 
to  the  growth  in  the  tissues  of  B.  coli  comimmis.  Cases  of 
emphysematous  gangrene  are  generally  fatal,  and  it  is  common  at 
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the  autopsy  .to  find  that  growth  of  the  micro-organisms,  owing 
to  the  large  amount  of  gas  which  they  form,  has  converted  some 
of  the  internal  organs,  particularly  the  liver  and  spleen,  into  a 
spongy  mass.  Inflammation  in  the  ordinary  sense  of  the  term  is 
an  unessential  part  of  the  phenomenon,  which  is  gangrenous  from 
the  outset.  Though  resembling  maHgnant  oedema  in  its  severity 
and  in  certain  other  points,  gaseous  gangrene  is  intrinsically  a 

different  condition. 

In  the  disease  known  as  '  quarter-evil '  or  '  black-leg,'  which 
affects  young  cattle  and  sheep,  an  emphysematous  and  gangren- 
ous condition  is  produced  by  the  local  action  of  the  anaerobic 
bacillus  of  this  disease  (B.  of  quarter-evil,  B.  of  symptomatic 
anthrax,  B.  of  Eauschbrand) . 

The  causes  of  gangrene  are  essentially  connected  with  the 
circulatory   system  whether  this   is   primarily   or  secondarily 
affected.    Primary  affections  of  the  circulatory  system  leading  to 
gangrene  concern  the  heart  or  blood-vessels  or  both.  Vascular 
conditions  more  commonly  cause  gangrene  than  cardiac  con 
ditions,  since  affections  of  the  heart  of  sufficient  severity  to. 
induce'  gangrene  are  generally  incompatible  with  life.  Never- 
theless local  death  is  at  times  due  to  heart-weakness,  as,  for 
example,  in  the  gangrene  of  nose,  scrotum,  and  penis  that  has 
been  observed  in  severe  Asiatic  cholera.     Amongst  causes  of 
gangrene  acting  indirectly  by  way  of  the  blood-vessels,  must  be 
reckoned  irritants  of  all  kinds.    For  irritants  not  only  mdace 
degenerative  changes  in  the  tissue-cells  upon  which  they  act,  and 
thereby  lower  their  powers  of  resistance,  but  also  lead  to  inflam- 
mation, with  the  stasis  and  output  of  exudation  that  this  condition 
implies.    In  some  cases  the  irritant  is  sufficiently  severe  to  kill 
the  tissues  apart  from  inflammation  ;  this  is  seen  in  the  gangrene 
that  follows  exposure  to  severe  cold  (frost-bite),  but  even  here  it 
is  more  common  for  inflammation  to  aid  in  the  process.  Where 
any  general  condition  obtains  which  leads  to  impaired  vitality  of 
the  tissues  {e.g.  glycsmia),  gangrene  supervenes  as  the  result  of 
relatively  slight  causes  ;  this  is  well  seen  in  '  diabetic  '  gangrene, 
noma,  etc. 

(ii)  Coag-ulation-necrosis.  -The  description  of  this  variety 
of  local  death  we  owe  to  Weigert.  He  showed  that  m  most  cases 
when  a  tissue,  rich  in  protoplasm,  dies,  if  death  have  occurred  with 
sufficient  rapidity  to  forestall  the  appearance  of  degenerative  {e.g. 
fatty)  changes,  the  tissue  becomes  coagulated  and  the  cellular 
protoplasm  somewhat  resembles  strands  of  fibrin.  For  the  oc- 
currence of  this  change  coagulable  fluid  in  the  tissue  is  necessary. 
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and  this  is  amply  present  in  the  form  of  lymph.  Moreover, 
coagulation-necrosis  generally  occurs  in  inflamed  tissues,  or  at  least 
inflammatory  processes  are  going  on  in  the  neighbourhood  of  the 
dead  mass,  and  under  these  conditions  the  lymph  and  blood  are 
abnormally  coagulable.  The  onset  of  coagulation  is  brought 
about  by  the  action  of  some  substance,  liberated  from  the  cells  at 
their  death,  upon  the  coagulable  fluid.  Halliburton  has  shown 
that  a  nucleo-albuminous  substance  can  be  prepared  from  many 
tissues  which  rapidly  brings  about  coagulation  of  blood  or  lymph. 


Fig.  19. — Coagulation-necrosis,     x  40. 


Section  of  a  tuberculous  lymphatic  gland  undergoing  coagulation-necrosis 
previous  to  caseation.  The  fibrous  structure  of  the  gland  remains  and 
on  the  left  side  of  the  figure  the  nuclei  of  cells  are  still  visible.  Owing 
to  the  coagulation  of  exuded  fibrin  (which  was  most  marked  in  the  right 
upper  portion)  the  section  in  this  part  stains  more  deeply. 

Coagulation-necrosis  is  the  most  common  form  of  local  death; 
it  occurs,  for  example,  in  the  formation  of  infarcts,  of  diphther- 
itic 'false  membranes,'  as  an  antecedent  to  caseous  degeneration 
of  tumours  and  glands.  The  changes  that  occur  in  or  around  a 
part  that  has  undergone  coagulation-necrosis  depend  upon  its 
size,  but  even  more  upon  its  septic  or  aseptic  condition.  To 
changes  of  this  nature  sufficient  reference  has  already  been 
made. 

(iii)  CoUiquative-necrosis. — In  this  variety  of  local  death 
the  necrosed  tissue  hquefies.  Probably  in  some  cases  liquefaction 
is  preceded  by  coagulation  as  in  the  case  of  croupous  pneumonia 
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or  in  the  central  liquefaction  of  aseptic  thrombi,  and  the  liquefy- 
ing agent  is  either  a  bacterial  or  a  non-bacterial  ferment.  But 
in  the  brain,  necrosis  is  coUiquative  from  the  first.  The  reason 
of  this  pecuHarity  is  sought,  by  Cohnheim,  in  the  absence  of 
coac^ulable  material  in  the  brain  substance  itself.  By  Mott,  it  is 
ascribed  to  the  fact  that  '  the  cerebro-spinal  fluid  which  probably 
represents  the  lymph  of  the  central  nervous  system  is  a  non- 
coagulable  fluid.' 

(iv)   Fat-necrosis, — Fat-necrosis  is   a   condition  in  which 
locahsed  death  occurs  of  the  fatty  connective  tissue   in  the 
abdominal  cavity.    Foci  of  necrosis  are  found  in  the  sub-peri- 
toneal fat,  most  commonly  in  the  neighbourhood  of  the  pancreas. 
The  condition  was  first  adequately  described  by  Balser,  who  con- 
sidered that  it  is  due  to  a  proliferation  of  fatty  tissue  which,  as 
in  the  case  of  cell  proliferation  in  tuberculous  nodules,  undergoes 
necrosis  from  deficient  nutrition.    Chiari  pointed  out  the  presence 
in  the  degenerated  fat-cells  of  hard,  glistening  bodies,  having  the 
appearance  of  lime.    Balser  thought  that  these  substances  are 
impure  fat,  but  Langerhans  denies  this,  because  they  fail  to  yield 
the  characteristic  osmic  acid  reaction  of  fat ;  he  holds  that  they 
are  hme  salts  of  fatty  acids.    Against  this  view  is  the  fact  that 
Hme  salts  of  fatty  acids  are  very  rarely  found  except  in  the 
intestine,  but,  according  to  Virchow,  they  may  occur  in  the 
metamorphosis  of  fatty  tumours.    Langerhans  considers  that 
fat-necrosis  begins  with  destruction  of  neutral  fat,  that  the  fluid 
constituents  are   eHminated,  but  the  fatty  acids  remain  and 
combine  with  lime.    Whole  lobules  may  thus  form  a  dead  mass 
which  is  dissected  out  by  a   surrounding   inflammation,  but 
commonly  the  foci  of  necrosis  are  smaller.    Cells  are  almost 
completely   absent  from  the  necrotic   foci   but   a   few  large 
phagocytic  cells  may  be  found. 

For  some  years  the  explanation  of  fat  necrosis  was  very 
obscure.    But  at  the  present  time  most  authorities  (von  Brunn) 
agree  in  ascribing  the  condition  to  the  action  of  a  pancreatic 
ferment.    The  evidence  upon  which  this  view  is  founded  is  as, 
follows.    In  a  large  majority  of  cases  the  condition  has  been 
found  along  with  severe  changes  in  the  pancreas,  e.g.  gan- 
grenous pancreatitis  (von  Bonsdorf,  Sievers,  Middleton),  abscess 
(Bolleston),  hemorrhage  (Eolleston),  but  this  is  not  always  the 
case.    Hildebrand  and  Dettmar  examined  the  question  experi- 
mentally.    They  found  that  interference  with  the  pancreas, 
whether  it  consisted  in  obstruction  of  the  duct,  in  obstruction  of 
the  duct  and  blood-vessels,  or  in  outlet  of  pancreatic  secretion 
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into  the  peritoneal  cavity,  led  to  typical  fat-necrosis  in  the 
pancreas,  appendices  epiploicae,  and  mesentery.  They  consider 
that  the  condition  is  due  to  the  action  of  the  lipolytic  ferment  of 
the  pancreas  (steapsin)  which  directly'  or  by  diffusion  reaches  the 
parts  affected.  Flexner,  also  investigating  the  question  ex- 
perimentally, found  that  in  early  stages  steapsin,  which  is  absent 
from  the  normal  fat,  is  present  in  foci  of  fat-necrosis.  Lastly, 
it  is  found  that  in  many  animals  multiple  abdominal  fat-necroses 
are  found  which  have  given  no  symptoms  during  life,  and  which 
show  signs  of  repair  and  no  evidence  whatever  of  bacterial  activity 
or  presence.  It  must,  however,  be  allowed  that  some  authors 
consider  the  change  to  be  due  to  micro-parasitic  action. 

III.  The  Deg-enerations  and  Infiltrations. — The  theoretical 
difference  between  a  degeneration  and  an  infiltration  is  easily 
stated,  for  the  former  is  a  tissue  metamorphosis,  the  latter  is  a 
deposition  of  some  substance  in  an  otherwise  unaltered  cell. 
But  practically  it  is  often  impossible  to  distinguish  between  the 
two  processes,  partly  because  they  may  proceed  side  by  side, 
partly  because  in  many  cases  the  histological  appearances  are 
compatible  with  either  explanation.  This  is  well  seen  in  the 
change  which  is  accompanied  by  the  presence  of  fat-globules  in 
liver-cells.  We  know  that  fat  can  be  formed  from  proteid ;  we 
know,  too,  that  when  much  fat  or  carbohydrate  is  given  in  the 
food,  fat  is  deposited  in  the  liver-cells.  Hence,  though,  in  a  given 
case,  we  can  easily  see  microscopically  that  the  Hver-cells  contain 
fat-globules,  it  may  be  quite  impossible  to  tell  whether  they  have 
been  formed  in  situ  from  degeneration  of  hepatic  protoplasm,  or 
are  of  extraneous  origin  and  .have  simply  been  deposited  there. 
For  this  reason  it  is  better  to  speak  generally  of  'changes,' 
reserving  the  terms  '  degeneration  '  and  '  infiltration  '  for  cases  in 
which  they  may  be  used  with  something  approaching  to  accuracy, 
We  shall  discuss  (i)  fatty  changes,  (ii)  the  lardaceous  change,  (iii) 
colloid,  mucoid,  and  hyaline  changes,  (iv)  cloudy  swelling,  (v) 
calcification,  (vi)  pigmentary  changes. 

(i)  Fatty  Chang-es. — In  certain  situations  fatty  changes  are 
physiological.  Thus  the  normal  storage  of  fat  in  adipose  tissue 
is  probably  an  infiltration  process.  The  breaking  down  of 
protoplasm  into  the  colostrum  of  milk,  the  formation  of.  fat  in  the 
uterine  muscle  after  parturition,  are  true  cases  of  fatty  degenera- 
tion. In  both  of  these  examples  the  cause  is  the  same,  viz.  a 
deficient  blood-supply.  The  central  mammary  cells  degenerate 
because  the  rapidly  growing  basal  cells  of  the  acini  appropriate 
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the  nutriment;  the  uterine  muscular  fibres  degenerate  because 
chancres  in  the  intima  and  media  of  the  uterine  arteries  have 
obstracted  or  obliterated  their  lumen.  These  examples  serve  for 
all  kinds  of  fatty  degeneration.  The  constituent  of  blood,  which 
is  of  fundamental  importance  in  connection  with  fatty  de- 
generation, is  oxygen.  Wherever,  in  pathology,  we  meet  with 
fatty  degeneration,  we  find  evidence  that  oxygenation  has  been 

deficient.^  . 

Pathological  fatty  degeneration  is  met  with  either  as  the 
result  of  local  or  of  general  causes.  As  examples  of  local  fatty 
deoeneration  may  be  instanced  the  caseation  that  occurs  in 
nodules  of  tubercle,  in  gummata,  in  patches  of  atheroma,  or  in 
the  centre  of  new-growths.  The  cause  is  in  all  cases  the  same,  a 
proliferation  of  cells  without  a  corresponding  increase  of  blood- 
vessels to  supply  them  with  nutriment,  or  with  obHteration  of 
those  blood-vessels  that  are  already  formed.  Nevertheless,  there 
is  reason  to  believe  that  the  cell  itself  plays  a  part  in  the  process, 
for  the  fatty  changes  that  occur  in  cartilage  and  nerve-cells  in 
old  age,  and  in  leucocytes  when  they  become  '  pus-cells,'  seem  to 
imply  that  with  lowered  vitality  the  cell  is  no  longer  able  to  resist 
the  breaking  down  of  its  protoplasm  into  fat.  Localised  fatty 
changes  also  occur  in  muscles  that  are  cut  off  from  their  nervous 
supply.  In  these  cases  the  fat  is  present  not  only  in  the  inter- 
muscular  connective   tissue   but   also  in  the  muscular  fibres 

>  The  formation  of  fat  from  proteid  has  been  regarded  as  a  process  of  hydration 

and  as  a  process  of  oxidation.    Gautier,  who  holds  the  former  view,  suggests  that  the 

change  is  expressed  by  the  formula : 

C.,H„.N,«0„,S  +  14H„0  =  9N,,H,C0  +  C,,H,,0„  +  C3H„03  +         +  S; 
"rA  hnm?n  f  '  (Urea.)     (Tripalmitiii.)  (Lactic  acid 

(Albumin.)  «.        J     y     ^         or  Carbohydrate.) 

Chauveau,  who  holds  the  oxidation  view,  suggests  the  following  series  of  changes  : 

4C,,H,„N,„0,,S  +  1390,  =  2C,„H„„0„  +  36N.,H,CO  +  138CO.,  +  42H,0  +  4S  ; 

(Stearin.) 

the  stearin  is  again  oxidised, 

2C.H„oO,  +  670,,  =  16C„H,,0,  +  18C0,,  +  14H,p, 
""  (Glucose.) 

and  the  glucose  is  oxidised  to  CO,  +  H,0.  In  the  absence  of  sufficient  oxygen  to 
carry  out  the  whole  change,  decomposition  of  proteid  would  therefore  form  reserve 
fat.   With  regard  to  the  formation  of  fat  from  carbohydrate,  Gautier  suggests 

14C„H,,0.  =  C,,H„A  +  24CO.,     27H.,0  +  C,H,0, 
(Glucose.)  (Stearin.) 

Hanriot  suggests 

13C,H,,,0„  =  C,,H,„,Oo  +  23C0,  +  26H,0. 
(Olfostearo- 
pahiiitin.) 

On  the  subject  of  the  origin  of  fat  in  animals,  a  paper  by  Kauffmann  {Arch,  dc  Physiol 
vol.  viii.,  1896,  p.  757)  may  be  consulted. 
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themselves.  The  change  in  the  muscular  fibres  is  certainly 
degenerative,  but  v^hether  the  fat  in  the  inter-muscular  con- 
nective tissue  has  been  formed  by  degeneration  of  connective 
tissue  cells  or  has  been  deposited  there  from  muscle,  it  is  im- 
possible to  say ;  the  latter,  however,  seems  more  probable. 

The  chief  general  conditions  leading  to  fatty  changes  are  (a) 
ansemia,  (b)  poisons  of  some  kinds,  including  those  of  certain 
infective  disorders,  (c)  high  temperature.  Though  these  causes 
are  general,  the  fatty  change  is  often  localised  in  few  regions,  the 
liver,  kidneys,  and  heart  being  the  most  important.  In  these  , 
cases  the  fatty  change  is  commonly  a  degeneration. 

(a)  AncBmia. — The  anaemias  show  marked  differences  with 
regard  to  the  occurrence  of  fatty  changes.  Pernicious  anaemia  is 
perhaps  the  most  important  cause  of  fatty  degeneration  of  heart 
muscle,  but  in  chlorosis,  though  the  anaemia,  as  measured  by  the 
amount  of  haemoglobin  and  the  number  of  red  blood-corpuscles 
present  in  the  blood,  may  be  very  severe,  yet  the  heart  muscle  is 
generally  unaltered.  In  this  condition  the  tendency  to  fatty 
change  is  chiefly  expressed  by  a  marked  deposition  of  fat  in  the 
subcutaneous  tissues. 

In  pernicious  anaemia  and  other  grave  forms  of  anaemia, 
though  the  heart  muscle  may  be  so  greatly  affected  that  the 
change  becomes  macroscopic  ('  tabby-cat '  striation),  other  muscle  , 
in  the  body  is  unaffected.  The  reason  for  this,  as  Mott  suggests 
probably  lies  in  the  fact  that  the  functional  activity  of  heart 
muscle  cannot,  like  that  of  voluntary  muscle,  be  lowered  in 
accordance  with  the  diminished  supply  of  nutriment,  but  is 
rather  increased  owing  to  a  number  of  subordinate  conditions. 
Hence  the  heart  muscle  is  called  upon  to  do  more  work  than 
normal  upon  a  diminished  supply  of  nutriment,  with  the  result 
that  its  vital  resistance  is  lowered  and  it  undergoes  change. 
Mott  supports  this  view  by  his  observation  that  in  pernicious 
anaemia  the  diaphragm  also  shows  fatty  degeneration.  Since 
this  muscle,  like  the  heart,  is  exercised  to  an  abnormal  extent 
in  this  disease  owing  to  the  readiness  with  which  dyspnoea 
is  called  forth  by  slight  exertion,  the  confirmation  that  it  yields 
is  strong. 

(6)  Poisons. — Of  the  poisons  leading  to  fatty  degeneration, 
bacterial  toxins  are  clinically  among  the  most  important,  because 
they  are  among  the  most  common.  Thus  Sidney  Martin  and 
Mott  have  shown  that  diphtheria  toxin  produces  fatty  degenera- 
tion of  muscle,  and  Scagliosi  has  shown  that,  in  the  heart,  the 
poisonous  action  commences  with  alteration  of  the  vessel  wall,. 
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which  is  followed  by  nervous  and  muscular  changes.  Further, 
Baldassari  found  in  rabbits  that  the  toxin  attacks  the  nuclei 
of  hver-  and  kidney-cells,  and  this  observation  is  confirmed  by 
Barbucci.  Hence  in  the  case  of  diphtheria  there  is  ample 
evidence  that  vascular,  cellular,  and  nervous  processes  are  at  work, 
all  of  which  tend  to  produce  degenerative  changes.  It  is  probable, 
too,  that  the  fatty  changes  occurring  in  pus-cells  and  in  tubercu- 
lous nodules  are,  in  part,  due  to  the  action  of  toxins,  and  the 
same  explanation  may  ultimately  be  found  to  hold  for  the  intense 
fatty  degeneration  of  the  liver  that  occurs  in  '  acute  yellow 
atrophy  '  of  that  organ. 

So  far  as  the  liver  is  concerned  it  is  common  to  find  in  a 
variety  of  infective  diseases  that  a  considerable  amount  of  fat  is 
present,  although  fat  may  be  almost  wanting  from  other  parts  of 
the  body.  Nevertheless  a  special  tendency  to  the  occurrence  of 
fatty  degeneration  of  the  liver  occurs  in  the  case  of  yellow  fever. 
According  to  Sanarelli  the  amount  of  fat  present  in  the  liver  in 
this  disease  is  greater  than  in  any  other  condition  except  chronic 
phosphorus  poisoning.  Using  cultures  of  B.  icteroides  (which 
Sanarelli . claims  to  be  the  cause  of  yellow  fever),  he  found  that 
in  dogs  as  much  as  22-7  per  cent,  of  the  dry  residue  of  the  hver 
consists  of  fat.  In  normal  dogs  the  hepatic  fat  constitutes  6-5 
per  cent,  of  the  dry  residue,  in  cholera  animals  9-4  per  cent.,  in 
those  injected  with  B.  coli  10-6  per  cent.,  in  those  injected  with 
B.  pijocyaneus  11*2  per  cent,  and  in  those  injected  with  B.  diph- 
thericB  14-6  per  cent. 

Fatty  degeneration  also  occurs  as  the  result  of  poisoning  by 
phosphorus,  by  arsenic  and  antimony,  by  carbonic  oxide  and  some 
other  substances.  In  these  cases  the  fatty  change  is  seen  in  liver, 
heart,  kidneys,  and  voluntary  muscles,  and  is  usually  very 
intense. 

In  this  category  alcohol  must  also  be  mentioned.  Alcoholism 
may  lead  either  to  fatty  changes  in  the  liver  or  to  great  deposition 
of  fat  in  the  subcutaneous  tissues.  In  the  former  case  it  is  pro- 
bable (as  will  be  seen  when  considering  cirrhosis  of  the  liver)  that 
the  alcohol  acts  as  a  protoplasmic  poison.  In  the  latter  case  it  is 
doubtful  whether  the  fatty  change  depends  upon  alcohol  at  all, 
for  obesity  is  commonest  in  beer-drinkers,  who  take,  in  their 
liquor,  comparatively  little  alcohol  but  much  sugar.  Spirit- 
drinkers,  who  take  comparatively  much  alcohol  and  little  sugar, 
suffer  from  cirrhosis  of  the  liver  with  its  accompanying  fatty 
changes,  but  they  are  generally  emaciated.  The  subcutaneous 
fat  of  the  beer-drinker  must  probably  be  looked  upon  as  reserve 
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material  (though  undoubtedly  of  an  inferior  kind),  the  hepatic  fat 
of  the  spirit-drinker  as  degenerated  protoplasm. 

(c)  High  Temperature. — It  has  long  been  known  that  ex- 
posure for  some  time  to  external  warmth  is  followed  by  fatty 
changes.  When  conjoined  with  a  plentiful  supply  of  food  and 
with  restricted  movement,  it  was  employed  as  a  means  of  fat- 
tening animals  for  the  table  long  before  the  question  of  its 
scientific  meaning  was  broached.  We  know  that  in  patients 
dying  of  febrile  disease,  fatty  changes  are  common  in  the  liver 
and  kidneys.  In  hyperthermia,  too,  it  is  generally  agreed  that 
the  same  is  the  case  (Liebermeister,  Litten,  Werhowsky,  Ziegler, 
etc.),  but  Naunyn,  relying  on  his  own  experiments,  opposes  this 
view.  Werhowsky  and  Ziegler  placed  rabbits  in  a  thermostat  at 
a  temperature  of  36°-40°C.  for  periods  varying  from  two  to 
twenty-nine  days,  and  found  that,  besides  other  changes,  there 
occurred  fatty  degeneration  of  liver  and  later  of  kidneys  and 
heart.  Ziegler,  however,  hesitates  to  apply  the  results  obtained 
on  hyperthermic  rabbits  directly  to  pyrexial  man,  and  in  par- 
ticular he  does  not  feel  justified  in  ascribing  fatty  changes  in 
fever  merely  to  rise  of  temperature,  for  other  agencies  are 
probably  also  at  work.  On  the  whole,  however,  evidence  seems 
to  indicate  that  rise  of  temperature  alone  is  able  to  produce 
fatty  change,  but  under  these  circumstances  the  change  bears 
more  resemblance  to  a  physiological  storage  of  fat  than  to  a 
pathological  degeneration  of  protoplasm. 

Before  leaving  the  fatty  changes  we  must  briefly  consider  the 
ways  in  which  some  of  the  above-mentioned  causes  act.  In  the 
more  strictly  pathological  conditions,  i.e.  in  fatty  degeneration, 
we  certainly  have  to  deal  with  a  change  involving  proteid  meta- 
bohsm,  but  in  those  conditions  which  approximate  more  to  a 
physiological  storage  of  fat,  i.e.  fatty  infiltration,  obesity,  etc.,  it 
is  unknown  whether  we  have  to  deal  with  a  direct  conversion  of 
carbohydrate  into  fat,  or  a  storage  of  fat  derived  from  the  food, 
or  whether  the  fat  is  really  of  proteid  origin,  the  expenditure  of 
which  has  been  covered  by  combustion  of  carbohydrate  or  of 
previously  stored  fat.  Leaving  the  question  of  fatty  infiltration 
on  one  side— as  no  answer  to  it  can  at  present  be  given— we  will 
confine  our  attention  to  fatty  degeneration. 

It  is  known,  at  least  in  the  cases  of  poisoning  by  phosphorus 
and  by  carbonic  oxide,  that  there  is  increased  destruction  of 
proteid.  For  Voit  and  Bauer  showed  that,  when  a  starving  clog  is 
poisoned  with  either  of  these  substances,  the  production  of  fat  is 
accompanied  by  an  increased  output  of  urea.    Oxidative  processes 
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are  diminished,  for  they  found  that  the  intake  of  oxygen  and  the 
output  of  carbonic  acid  are  below  normal.  Since  the  animal .  in 
these  cases  is  starving,  it  is  clear  that  the  fat  present  has  not 
been  derived  from  food,  nor  is  it  pre-existing  fat  or  fat  formed  from 
previously  stored  glycogen,  for  in  starvation  all  reserve  fat  and 
glycogen  are  rapidly  used  up.  Moreover,  the  increased  output  of 
urea  is  positive  evidence  as  to  the  origin  of  the  fat  from  proteid. 

We  will  deal  with  the  two  poisons  separately.  Since  car- 
bonic oxide  forms  a  more  stable  combination  with  haemoglobin 
than  does  oxygen,  poisoning  with  carbonic  oxide  produces  a 
condition  essentially  the  same  as  anaemia  so  far  as  oxygenation  of 
the  tissues  is  concerned.  But  deficient  oxygenation,  if  prolonged, 
leads  to  lowered  vitality  of  cell-protoplasm,  and  therefore  it  is 
probable  that  in  carbonic  oxide  poisoning  (and  in  the  anaemias) 
fatty  degeneration  is  immediately  dependent  upon  impaired  cell 
nutrition.  We  know  that  in  general  starvation  the  body  breaks 
up  its  own  protoplasm  to  supply  its  imperative  needs,  and  it  is 
not  unreasonable  to  suppose  that  with  deficient  nutrition  the  cell- 
protoplasm  does  the  same.  It  would  then  break  up  into  two 
portions,  a  nitrogenous  and  a  non-nitrogenous.  The  nitrogenous 
portion  will  ultimately  become  urea,  and  the  non-nitrogenous 
portion,  since  there  is  an  insufficient  supply  of  oxygen  for  its 
complete  combustion  to  carbonic  acid  and  water,  will  remain  in 
the  cell  as  fat. 

Phosphorus  poisoning  also  leads  to  deficient  intake  of  oxygen 
and  output  of  carbonic  acid  ;  oxidative  processes  are  therefore 
reduced  in  this  case  also.  But  the  exact  way  in  which  the  fatty 
degeneration  is  brought  about  is  uncertain.  For  phosphorus 
does  not  produce  an  anaemia,  but  on  the  contrary  a  polycythaemia. 
It  is  probable,  therefore,  that  phosphorus  does  not  act  directly 
through  the  blood.  Gaule  maintains  that  the  primary  change  in 
phosphorus  poisoning  is  in  the  cell  nucleus,  and  he  is  supported 
by  other  authors.  He  believes,  further,  that  some  of  the  fat  may 
arise  from  formation  of  the  phosphorus-containing  fat,  lecithin. 
Mott  thinks  it  possible  that  phosphorus  interferes  with  the  power 
possessed  by  cells  of  taking  up  oxygen  and  storing  it  in  their 
protoplasm  ('tissue-respiration').  Evidence  has  already  been 
given  that  one  at  least  of  the  bacterial  toxins  acts  directly  upon 
the  cell  nucleus,  and  it  is  not  improbable  that  a  considerable 
number  of  poisons,  bacterial  and  non-bacterial,  will  ultimately 
be  found  to  directly  affect  this,  the  centre  of  cell  life  and  change. 

With  regard  to  heat  in  the  production  of  fatty  degeneration 
we  know  that  heat  leads  to  increased  proteid  metabolism,  and 
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that  external  warmth  diminishes  the  necessity  of  metabolism  for 
the  maintenance  of  body  temperature.  AVhen,  therefore,  an 
animal  is  exposed  to  external  heat,  it  is  placed  under  conditions 
in  which  much  proteid  is  broken  down,  but  little  is  oxidised. 
These  are  conditions  under  which  we  should  expect  fat  to  be 
produced.  Further,  we  should  expect  it  to  be  more  marked  if 
the  supply  of  oxygen  to  the  heated  animal  is  deficient.  Naunyn, 
indeed,  maintains  that  this  is  the  essential  factor,  for  he  finds 
that  rabbits  may  be  kept  in  a  chamber  at  36°-40°C.  for  nearly  a 
fortnight  without  showing  fatty  changes,  provided  the  chamber 
is  properly  ventilated  and  the  animal  is  given  plenty  of  green 
food  {i.e.  a  sufficient  supply  of  water).  In  fever,  as  distinguished 
from  hyperthermia,  as  has  already  been  said,  toxic  action  on 
tissue  cells,  on  nerve,  and  on  blood,  probably  plays  a  part  in  the 
production  of  fatty  degeneration,  perhaps  even  a  more  important 
part  than  the  rise  of  temperature  itself. 

(ii)  The  Lardaceous  Chang^e.^ — The  lardaceous  change  affects 
the  body  generally  and  leads  to  so  many  symptoms  that  it  is 
often  spoken  of  as  'lardaceous  disease.'  But  the  change  itself  is 
not  a  primary  one,  for  it  occurs  clinically  as  the  result  of  two 
important  conditions,  prolonged  suppuration  and  syphilis;  of 
these  prolonged  suppuration  is  the  chief,  whether  it  occurs  in  the 
course  of  pulmonary  phthisis,  chronic  bone  disease  or  any  other 
condition.  The  lardaceous  change  is  characterised  by.  the 
presence  of  a  substance  known  as  '  lardacein  '  in  the  walls  of  small 
blood-vessels,  especially  the  arterioles  and  capillaries,  and  perhaps 
also  in  some  other  situations.  In  a  few  instances  definite  larda- 
ceous '  tumours  '  have  been  described. 

(a)  Lardacein.— TjQ^rda.cein  is  a  colourless,  semi-translucent, 
homogeneous  substance,  containing  nitrogen.  So  far  as  its 
percentage  composition  is  concerned,  it  is  closely  alhed  with 
proteid  generally,  though  recently  doubt  has  arisen  as  to  whether 
it  is  actually  albuminous.    It  diifers  from  proteid  in  that  it 

'  The  lardaceous  change  was  first  described  by  Eokitansky.  Virchow,  in  1851, 
-rave  it  the  name  of  '  amyloid  degeneration '  from  the  tact  that  the  lardaceous 
material  when  subjected  to  the  action  of  iodine  followed  by  sulphuric  acid,  yields  a 
colour  change  which  recalled  to  him  the  blue  colour  produced  by  the  action  of  iodine 
on  starch  But  the  lardaceous  material  is  not  starch  nor  even  allied  to  starch,  vluie 
the  colour  reaction  with  iodine  and  sulphuric  acid  is  a  bluish-black,  and  pvoducea 
by  the  interaction  of  iodine  and  sulphuric  acid  quite  apart  from  lardacein.  The  name 
'amyloid'  is  therefore  misleading,  and  though  it  is  still  commonly  employed,  ana 
especially  in  Germany,  it  has  never  gained  much  foothold  in  this  country.  T^e 
change  has  also  been  called  'waxy,'  'albuminous,'  'albuminoid  the  nan^ 

'  lardaceous'  has  received  official  recognition  in  England  by  the  Koyal  College 
I'hvsicians. 
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contains  somewhat  less  nitrogen,  a  great  deal  less  potassium,  but 
a  slif^htly  greater  percentage  of  alkaline  earths.  In  its  properties 
it  differs  markedly  from  proteid  generally:  it  is  insoluble  in 
water,  in  saline  solution,  in  dilute  acids  and  alkalies,  though  on 
treatment  with  strong  acids  or  allvahes  it  is  converted  into  acid- 
or  alkali-albumin.  It  does  not  undergo  peptic  digestion,  or  at 
least  not  readily,  for  Kostjuria  and  E.  Ludwig  have  shown  that 
it  goes  into  solution  if  presented  to  the  enzyme  in  a  very  fine 
state  of  division. 

Lardacein  in  tissues  has  two  highly  important  and  character- 
istic staining  reactions  which  differentiate  it  from  proteid  gene- 
rally.   With  a  solution  of  iodine  in  potassium  iodide,  it  stains 
mahogany-brown,   whereas    unaffected   tissues   stain  canary- 
yellow  ;  with  methyl  violet  it   stains  rose-pink,  the  tissues 
generally  staining  a  bluish-violet.    The  reaction   with  methyl 
violet  is  a  relatively  constant  one,  but  the  iodine  reaction  is 
uncertain  if  the  tissue  affected  with  the  lardaceous  change  is 
treated  with  alcohol  or  with  solutions  of  the  caustic  alkalies, 
even  though  dilute.    The  macroscopic  and  microscopic  appear- 
ances of  the  material  remain  unaltered,  but  no  method  is  known 
whereby  the  iodine  reaction,  if  once  lost,  can  be  restored.  Though 
the  general  appearance  of  lardacein  is  very  constant,  hardly  any 
two  specimens  of  lardaceous  tissue  yield  exactly  the  same  staining 
reactions.    Since  we  must  regard  staining  reactions  in  most  cases 
as  representing  chemical  combinations,  we  must  probably  conclude 
that  lardacein  is  not  a  single  substance  of  uniform  chemical  com- 
position.   As  to  its  relationship  with  the  hyaline  material  found  in 
the  hyaline  change  (which  macroscopically  it  greatly  resembles)  we 
are  ignorant,  but  so  far  as  staining  reactions  are  concerned  one 
can,  by  selecting  specimens,  demonstrate  a  series  of  intermediate 
conditions  between  typical  hyaHne  material  on  the  one  hand,  and 
typical  lardaceous  material  on  the  other.    But  whether  one  can 
argue  from  this  fact,  and  others  of  a  like  nature,  that  hyahne 
material  is  at  one  end  of  a  series  of  changes  at  the  other  end 
of  which  stands  lardacein,  it  is  at  present  impossible  to  say. 
Browicz  allows  that  both  hyaline  material  and  lardacein  may 
have  the  same  origin  but  denies  that  hyaline  material  can  be 
regarded  as  a  precursor  of  lardacein. 

(6)  Seats  of  Lardaceous  Change.— It  has  already  been  said 
that  the  lardaceous  change  is  a  general  one,  but  certain  organs 
and  tissues  are  more  commonly  affected  than  others.  The 
following  table  drawn  up  by  Dickinson  illustrates  this  point:  — 
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Frequency  with  which  Various  Organs  and  Structures  loerc  found  to  he  Lardaceovs 
in  118  Cases  of  Lardaccous  Disease  examined  iwst-mortern  {Dickinson). 

Kidney,  95     LymiDliatic  glands,  .       .       .       .  r, 

Spleen,  76     Pancreas,   1 

Liver,  fi5     Thyroid,   1 

Intestines,     .       .       .       .       .       35     (Esophagus,   1 

Stomach,  9     Testes,   1 

Supra-renals,       ....        9     Endocardium,        .       .       .       .  1 


In  these  organs  and  tissues  the  change  is  seen  first  and  to  the 
greatest  extent  in  the  blood-vessels.  In  the  kidney  it  affects 
earliest  the  glomerular  tufts,  but  the  vasa  recta  soon  become 
involved ;  in  the  liver  the  intermediate  zone  of  the  lobule,  i.e. 
that  supplied  by  the  hepatic  artery,  is  the  principal  seat  of 
change  ;  in  the  spleen,  either  the  Malpighian  corpuscles  ('  sago- 
spleen  '),  or  in  some  cases  the  vessels  in  the  fibrous  trabeculae  of 
the  organ.  It  is  much  less  commonly  seen  in  veins  than  in 
arterioles  and  capillaries.  In  the  arterioles  it  is  the  middle  coat 
that  suffers,  though  whether  the  change  commences  in  con- 
nection v^ith  the  unstriped  muscle  or  in  connection  with  the 
fibrous  tissue  of  that  coat,  it  is  impossible  to  say. 

From  the  fact  that  kidneys,  intestines,  stomach  are  affected, 
lardaceous  disease  presents  us  with  symptoms  of  albuminuria  and 
dropsy,  diarrhoea,  and  vomiting.  We  shall  not  delay  over  these 
conditions,  for  they  are  due  to  excessive  transudation  (though 
perhaps  also  in  some  degree  to  diminished  absorption),  and  upon 
this  subject  sufficient  has  already  been  said.  Though  the  hepatic 
and  splenic  changes  are  among  the  most  common,  and  are  cer- 
tainly among  the  most  intense,  we  cannot  point  to  any  symptom 
that  they  produce,  unless  it  be  ascites  in  a  few  instances.  In  the 
kidney  and  liver  the  lardaceous  change  is  often  associated  with 
fatty  changes.  In  the  kidney  an  acute  or  subacute  nephritis  is 
frequently  superadded. 

In  the  table  given  above,  the  fact  that  the  nutrient  vessels  of 
the  myocardium  may  also  be  the  seat  of  the  lardaceous  change  is 
not  indicated.  In  point  of  fact,  such  a  condition  is  very  common 
in  all  cases  of  any  degree  of  severity.  It  is  probable  that  the 
great  debility  which  occurs  in  the  disease  is  partly  to  be  explained 
by  this  fact. 

(c)  Experimental  Investigations. — Positive  or  strong  pre- 
sumptive evidence  of  suppuration  was  present  in  83  per  cent, 
of  the  cases  in  which  lardaceous  changes  were  found  on  post- 
mortem examination  at  St.  George's  Hospital  between  the  years 
1867  and  1894  (Dickinson).    The  causal  relationship  between 
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prolonged  suppuration  and  lardaceous  change  in  man  is  allowed, 
and  anhnal  experiments  have  been  made  on  the  ponit,  though  it 
must  be  confessed  that  the  majority  of  thein  are  far  from  con- 

^^^^^Birch-Hirschfeld  maintained  that  he  produced  the  lardaceous 
change  in  a  rabbit  by  injecting  the  pus  from  a  boy  suffering  from 
caries  of  the  tibia  ;  Charrin  maintained  the  same  after  causing 
suppuration  in  rabbits  with  B.  pyocyaneus.  But  the  most  impor- 
tant work  on  the  subject  is  that  of  Krawkow.  Krawkow  injected 
into  rabbits  (amongst  other  animals)  virulent  cultures  of  Staph, 
pyog.  aureus,  and  states  that  in  most  cases,  after  a  suppuration 
extending  over  one  to  two  months,  the  spleen,  salivary  glands, 
intestines,  hver,  and  kidneys,^  were  lardaceous  ;  in  frogs,  under 
similar  treatment,  he  obtained  traces  of  the  change  in  the  spleen. 
Filtered  cultures  of  the  micro-organisms  were  ineffective,  as  was 
suppuration  caused  by  chemical  irritants,  such  as  turpentine.  He 
therefore  associates  the  change  with  actual  presence  of  living 
micro-organisms  themselves. 

Krawkow's  work,  however,  presents  difficulties.  Thus  he 
found  that  the  'lardaceous'  organs  were  soft  and  friable  ;  m  man, 
at  all  events,  they  are  exactly  the  reverse,  so  much  so  that  lar- 
daceous liver  was  at  one  time  recommended  as  an  embedding 
material  for  histological  purposes.  Moreover,  his  '  lardaceous  ' 
substance  is  soluble  in  water  and  in  alcohol.  Lastly,  numerous 
investigators  have  failed  to  find,  on  repeating  his  experiments, 
either  macroscopically  or  microscopically,  the  least  trace  of  any 
substance  that,  by  its  appearance  or  its  staining  reactions,  could 
be  regarded  as  lardaceous.  And  that,  too,  even  in  rabbits  that 
had  suppurated  continuously  and  fairly  profusely  for  months. 

Davidsohn,  however,  has  pubhshed  experiments  confirming 
Krawkow.  Using  rabbits,  mice,  fowls,  gninea-pigs,  and  cats, 
and  injecting  into  them  snbcutaneously,  every  two  or  three  days, 
cultures  of  staphylococci,  he  found  that  the  lardaceous  change 
manifested  itself  in  about  half  the  cases.  He  obtained  the  best 
results  with  rabbits  and  mice ;  in  the  case  of  guinea-pigs  and 
cats  he  obtained  no  lardaceous  change  whatever. 

Of  a  somewhat  different  kind  is  the  observation  of  Zenoni. 
He  states  that  during  the  anti-diphtheritic  immunisation  of  the 
horse,  it  is  common  to  find  diffuse  lardaceous  modification  of  the 
abdominal  organs— particularly  the  hver-along  with hgemorrhages 
and  other  anatomical   changes.     The  degree  to  which  the 

•  The  tissues  are  given  in  the  order  of  frequency  with  which  the  change  was 
observed. 
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lardaceous  change  is  present  varies  with  the  stage  of  the  intoxi- 
cation. He  finds  that  it  first  of  all  involves  the  interacinous 
branches  of  the  portal  vein  and  subsequently  is  found  in  the 
portal  connective  tissue  and  sometimes  in  the  nuclei  of  the 
hepatic  cells.  Next  to  the  hver  the  spleen  is  most  commonly 
affected.  Here  it  is  the  central  arteries  of  the  Malpighian 
corpuscles  and  the  splenic  vessels  that  are  the  first  to  undergo 
change,  but  subsequently  the  connective  tissue  framework  of  the 
organ  is  modified.  In  the  kidney  it  picks  out  the  walls  of  the 
principal  vessels  and  the  glomerular  tufts. 

With  regard  to  the  length  of  time  that  must  elapse  between 
the  onset  of  suppuration  and  death  with  lardaceous  disease  in 
man,  Cohnheim  found  that  the  shortest  time  is  two  to  three 
months.  Dickinson  {loc.  cit.,  p.  271)  speaks  of  a  case  in 'which  a 
previously  healthy  man  died  three  weeks  after  undergoing  ampu- 
tation for  a  compound  fracture.  During  the  period  he  suffered 
from  profuse  suppuration  and  pyaemia,  and  after  death  early  lar- 
daceous change  was  found  in  the  kidneys.  Comba,  however, 
records  the  case  of  a  previously  healthy  girl  who  died  eleven  days 
after  contracting  severe  gangrenous  diphtheria  of  the  pharynx, 
and  in  whom  the  liver,  spleen,  and  kidneys  were  found  to  be  the 
seat  of  the  lardaceous  change.  With  reference  to  the  connection 
between  syphilis  and  lardaceous  disease,  little  can  be  said,  but 
there  is  no  doubt  that,  rarely,  syphilis  may  be  followed  by  lar- 
daceous disease  quite  apart  from  considerable  suppuration. 
From  Dickinson's  tables  this  would  appear  to  obtain  in  about  12 
per  cent,  of  lardaceous  cases.  But  syphilis,  accompanied  and 
not  accompanied  by  considerable  suppuration,  accounted  for  about 
20  per  cent,  of  his  cases.  Tuberculosis,  whether  of  lung  or  of 
bone  or  of  other  regions,  accounted  for  nearly  50  per  cent.  In 
spite  of  the  a  priori  improbability  suggested  by  the  natm-e  of 
lardacein,  some  authorities  maintain  that  recovery  from  lar- 
daceous disease  is  not  impossible. 

(d)  Nature  of  the  Lardaceous  Change. — It  is  uncertain  whether 
the  lardaceous  change  is  a  degeneration  or  an  infiltration,  or  a 
combination  of  the  two.  There  are  four  chief  views  as  to  its 
aetiology,  (1)  that  it  is  a  direct  degeneration,  (2)  that  it  is  a  retro- 
gressive metamorphosis  of  tissue,  (3)  that  it  is  an  infiltration  with 
lardacein  or  a  precursor  of  lardacein,  (4)  that  it  is  a  degeneration 
of  tissue  and  an  infiltration  from  the  blood.  Virchow  considered 
that  the  blood  has  undergone  a  chemical  change  in  its  soluble 
constituents,  as  a  result  of  which  the  tissues  undergo  retrogressive 
metamorphosis,  and  are  filled  up  with  an  iodine  reacting  substance 
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which  is  laid  down  in  them  in  the  same,  way  as  lime  salts  are  laid 
down  in  calcification.  Cohnheim  regarded  it  as  a  local  degenera- 
tion of  the  pre-existing  albumin  of  the  tissue,  Eindfleisch  as  a 
substance  deposited  from  the  blood.  Ziegler  considers  it  as  a 
deposit  between  cells,  but  allows  that  epithelial  cells  may,  rarely, 
become  lardaceous.  Wichmann  holds  that  '  it  occurs  in  organs 
whose  tissues  are  already  injured  in  their  physiological  relations 
by  disease,  and  have  become  unable,  by  reason  of  the  anaemia, 
etc.,  to  assimilate  normally  the  albumin  brought  by  the  blood ; 
this  albumin  infiltrated  into  the  tissue  spaces,  remains  there, 
and  sooner  or  later  undergoes  chemical  change,  partly  by  com- 
bination with  other  proteid  bodies  or  their  derivatives.'  Czerny 
believes  that  the  lardaceous  material,  or  a  precursor,  is  conveyed 
to  the  tissues  by  leucocytes,  which  are  themselves  pathological. 
Krawkow  regards  the  change  as  a  degeneration  produced  by  the 
action  of  microbial  products  on  those  organs  which  are  most  im- 
portant in  the  struggle  of  the  organism  against  microbes  and 
their  toxins  (spleen,  liver,  lymphatic  glands),  and  on  those 
organs  that  excrete  the  poison  (kidneys  and  intestines).  Browicz 
is  confident  that  the  condition  is  an  infiltration  and  not  a 
degeneration.  He  considers  that  erythrocytes  are  the  original 
source  of  lardacein  and  that  the  interaction  of  a  microbial  sub- 
stance with  the  erythrocytic  constituent  is  necessary.  Lastly  it 
has  been  shown  that  prolonged  preservation  of  material,  e.g. 
spinal  cord  in  alcohol  (Hamilton),  or  liver  in  formalin  (Browicz), 
may  lead  to  the  local  formation  of  a  substance  that  is  indis- 
tinguishable from  lardacein.  The  very  diversity  of  views  indi- 
cates that  at  present  we  have  not  sufiicient  data  for  arriving  at 
a  thoroughly  satisfactory  conclusion  on  the  question ;  for  this 
reason  we  have  spoken  of  the  '  lardaceous  change  '  throughout. 

(iii)  Colloid,  Mucoid,  and  Hyaline  Changes. — We  shall  not 
devote  much  space  to  the  consideration  of  these  changes,  for  at 
present  they  are  but  little  understood  and  therefore  lack  definite- 
ness.  It  is  very  difiicult  to  appreciate  the  particular  changes 
indicated  by  each  writer  on  the  subject,  for  the  '  colloid '  of  one 
author  is  often  included  under  the  'hyaline'  of  another,  and  so  on. 

All  the  changes  are  changes  of  albumin,  for  colloid,  mucoid, 
and  hyalin  are  nitrogenous  substances  allied  with  albumin. 
Speaking  generally,  the  substances  are  semi-translucent  and  more 
or  less  homogeneous  in  structure. 

{a)  Colloid  is  derived  from  epithelium.  In  its  properties  it  is 
very  like  mucus,  but  difi^ers  from  mucus  in  that  it  has  commonly 
a  yellow  or  brown  colour,  does  not  yield  a  reducing  substance  for 
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copper  when  hydrolysed,  does  not  swell  up  in  water,  is  not  co- 
agulated by  acetic  acid,  and  is  not  rendered  cloudy  by  alcohol  or 
by  chromic  acid.  Physiologically,  it  is  found  in  the  thyroid 
body ;  pathologically,  it  occurs  in  cystic  goitre,  in  many  forms  of 
carcinoma,  especially  those  originating  from  stomach  and  intes- 
tines, and  in  cysts  that  have  been  formed  by  occlusion  of  ducts 
lined  by  epithehum,  e.g.  in  the  kidney.  According  to  Mallory, 
the  change  has  a  tendency  to  affect  the  cerebral  blood-vessels, 
whether  it  occurs  in  the  middle  coat  of  larger  vessels  or  in 
capillaries  that  form  net- works  in  certain  portions  of  the  brain. 
Under  all  circumstances,  however,  Mallory  finds  that  colloid 
material  in  the  brain  has  a  great  tendency  to  undergo  calcification, 
whereby  it  leads  to  atrophy  of  nervous  tissue  and  formation  of 
sand-like  deposits  or  stone-like  concretions. 

(5)  Mucus  is  derived  from  epithelium  and  from  connective 
tissue ;  from  epithelium  by  a  transformation  of  niucigen  granules 
(as  in  the  case  of  mucous  glands),  or  by  a  transformation  of  cell- 
protoplasm  (as  in  the  case  of  goblet-cells),  from  connective  tissue 
by  a  metamorphosis  and  swelling  of  the  ground'  substance.  It  is 
thus  a  wide-spread  change.  Physiologically,  formation  of  mucus 
from  cells  is  so  common  that  examples  need  not  be  given, 
formation  from  connective  tissue  is  best  seen  in  the  case  of  the 
umbilical  cord.  Pathologically,  an  excessive  formation  of  mucus 
is  seen  in  catarrhal  inflammations  of  mucous-  membranes  ;  here 
the  mucus  is  of  epithelial  origin.  When  affecting  the  connective 
tissue,  the  mucoid  change  is  seen  under  the  most  varied  con- 
ditions, for  the  change  may  be  undergone  by  fibrous  tissue, 
cartilage,  bone,  sarcoma  cells,  in  fact  by  any  material  belonging 
to  the  connective  tissue  group. 

Mucus  is  not  a  substance  of  uniform  composition  ;  nor  even 
is  its  underlying  constituent  '  mucin '  a  single  substance,  for  the 
composition  of  mticin  varies  according  to  the  origin  of  the  mucus 
from  which  it  is  derived.  The  mucins,  however,  agree  in  that 
they  all  swell  greatly  in  water,  are  precipitated  by  alcohol  and  by 
acetic  acid,  are  soluble  in  neutral  salt  solutions,  and  in  solutions 
of  the  alkaline  hydrates  and  carbonates.  They  also  yield  on 
suitable  treatment  a  copper- reducing  substance  of  carbohydrate 
nature,  which  is,  in  all  probability,  a  true  sugar.  This  latter 
characteristic  serves  to  differentiate  them  from  nucleo-proteid  to 
which  they  bear,  in  other  respects,  the  greatest  resemblance. 
According  to  Pfannenstiel  the  contents  of  prohferating  glandular 
ovarian  cysts  and  in  part  also  of  papillary  ovarian  cysts  is  a 
'  pseudo-mucin  '  formed  from  the  cells  lining  the  cyst.  Probably 
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there  are  also  several  '  pseudo-mucins,'  but  into  questions  of  this 
kind  it  is  impossible  to  enter  here. 

(c)  The  hyaline  change  was  originally  described  by  von 
Beckhnghausen  as  a  sub-division  of  'colloid  degeneration.'  He 
found  the  change  widely  spread  in  the  body,  but  under  the  name 
he  included  conditions  that  would  now  be  placed  under  different 
headings,  e  g.  colloid,  coagulation-necrosis,  etc.  Ernst  has  en- 
deavoured to  give  precision  to  the  terms  'hyaline,'  'colloid,' 
and  '  mucoid '  by  laying  stress  on  their  staining  reactions.  In 
this  direction  much  may  be  hoped  for.  Ernst  finds  if  a  section 
of  thyroid  gland,  for  example,  be  stained  by  a  special  method 
involving  the  use  of  picric  acid,  acid-fuchsin,  and  hsematoxylin, 
that  three  substances  can  be  distinguished :  colloid,  which  stains 
orange-red  and  is  invariably  intra-fohicular ;  hyaline,  staining 
purphsh-red  and  extra-fohicular  ;  mucin,  which  stains  flesh-pink. 
He  therefore  gives  a  definiteness  to  the  term  '  hyaline,'  btt  it  does 
not  necessarily  correspond  with  a  hyaline  appearance ;  thus  the 
hyaline  renal  casts,  commonly  so  called,  are  not  hyahne  in 
Ernst's  sense  of  the  term  :  he  calls  them  '  homogeneous.'  Von 
Recklinghausen  considered  that  the  hyaline  change  is  a  cell- 
degeneration.  Ziegler  describes  a  hyaline  change  of  connective 
tissue  which  in  appearance  and  in  seat  of  election  is  very  similar 
to  the  lardaceous  change,  but  which  differs  from  it  in  not  yielding 
the  characteristic  staining  reactions. 

It  is  clear  from  the  foregoing  paragraphs  that  much  work 
must  be  done  before  any  very  definite  statement  can  be  made 
with  regard  to  colloid,  mucoid,  and  hyaHne  changes.  Apparently, 
however,  they  are  more  akin  to  the  degenerations  than  to  the 
infiltrations. 

Mention  may  be  made  in  passing  of  a  change  seen  in  certain 
muscles  {e.g.  rectus  abdominis)  under  various  pathological 
conditions,  but  especially  along  with  continued  fever.  It  is 
known  by  the  name  of  Zenker,  who  first  described  the  condition, 
but  other  names  are  'waxy'  and  'vitreous.'  The  term  'waxy' 
is  objectionable,  because  it  is  also  apphed  to  the  lardaceous 
change.  In  Zenker's  degeneration  the  muscular  fibres  them- 
selves look  dull  and  semi-opaque,  and  microscopically  are  found 
to  have  lost  their  striation,  so  that  the  sarcolemma  is  filled  with 
masses  of  clear,  homogeneous  substance  ;  the  connective  tissue 
cells  of  the  muscle  undergo  proliferation.  By  some  authors 
the  change  is  regarded  as  a  coagulation-necrosis. 

(iv)  Cloudy  Swelling-  (granular,  albuminous,  or  parenchy- 
matous degeneration).— Cloudy  swelling  is  a  cellular  change  the 
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principal  seats  of  which  are  the  hver,  the  kidneys,  and  the  heart. 
It  occurs  in  patients  who  before  death  have  been  the  subjects  of 
infective  disease  with  high  fever.  The  change,  however,  is  not 
produced  by  the  rise  of  temperature,  but  by  the  action  of  toxins. 
Since  cloudy  swelHng  is  the  earliest  sign  of  poisoning  by  phos- 
phorus, arsenic,  carbonic  oxide,  etc.,  it  is  not  only  bacterial 
poisons  that  are  effective. 

The  change  is  well  characterised  by  its  name,  for  the  affected 
cells  are  larger  than  normal,  their  contour  is  indistinct,  and  their 
protoplasm  cloudy  from  the  presence  of  innumerable  minute 
granules  of  albuminous  nature ;  often  the  nucleus  is  completely 
obscured.  The  granules  are  soluble  in  acetic  acid  and  in  caustic 
potash,  but  insoluble  in  ether,  and  as,  in  addition,  they  do  not 
stain  black  with  osmic  acid,  they  are  not  fatty.  There  is  no 
doubt,  however,  that  they  are  on  the  way  to  become  fat,  for 
cloudy  swelling  and  fatty  changes  may  be  met  with  side  by  side, 
a.nd  conditions  which,  if  acute,  produce  cloudy  swelling,  if  pro- 
tracted, produce  fatty  degeneration.  According  to  Cohnheim, 
Ziegler,  and  others,  cells  may  recover  from  cloudy  swelling,  if 
not  too  advanced,  but  this  is  only  a  probability  for  which  we  have 
no  definite  evidence.  Macroscopically  the  affected  organ  is 
enlarged  and  lustreless  and  often  anaemic ;  it  looks  as  if  it  had 
been  cooked.  When  the  change  affects  the  heart,  as  it  does  in 
myocarditis,  cardiac  function  is  seriously  impaired. 

(v)  Calcification.— Calcification  is  a  process  of  infiltration; 
the  calcium  salts  are  carried  in  solution  to  the  tissues  by  the 
blood  and  lymph,  and  deposited  therefrom  in  the  sofid  form. 
The  salts  concerned  in  calcification  are  chiefly  the  phosphate  and 
the  carbonate  of  Hme,  with  small  amounts  of  the  correspondnig 
magnesium  salts  and  some  others.  They  are  therefore  identical 
with  the  salts  present  in  bone.  The  salts  are  deposited  either 
in  cells  or  in  inter-cellular  sabstance.  The  deposition  more  com- 
monly affects  inter-cellular  substance,  but  calcification  of  cells 
occurs  and  sometimes  can  be  well  seen,  as,  for  example,  when  it 
affects  ganglion  cells  of  the  brain  in  old  age. 

Apart  from  the  deposition  of  calcium  salts  in  masses  of  de- 
generated or  dead  tissue — to  which  reference  will  be  made 
immediately — calcification  is  a  sign  of  senescence.  But  the  number 
of  years  that  have  passed  over  the  patient  is  not  the  only  factor 
to  be  considered  ;  it  is  more  strictly  just  to  say  that  calcification 
signifies  old  age  of  the  particular  tissue  in  which  it  occurs,  for 
calcareous  plates  may  be  found  in  the  aorta  of  a  man  of  thirty 
years. 
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In  many  instances  the  change  is  rather  physiological  than 
pathological.  The  calcification,  for  example,  that  occurs  in  the 
costal  and  laryngeal  cartilages  of  the  aged  is  a  physiological  pre- 
liminary to  ossification  of  those  cartilages.  But  in  other  cases 
the  change  is  distinctly  pathological.  Such,  for  example,  is  the 
calcification  of  the  walls  of  arteries  constituting  arteritis  deformans, 
the  calcification  that  sometimes  occurs  and  may  even  go  on  to 
true  bone-formation  in  inter-muscular  septa,  the  calcification  of 
tendons,  calcification  of  the  placenta,  etc. 

Calcification  is  a  secondary  and  not  a  primary  process,  for, 
putting  aside  calcification  associated  with  normal  bone-formation, 
calcium  salts  are  never  deposited  in  perfectly  healthy  tissues, 
but  only  in  tissues  the  vitality  of  which  has  been  lowered  or 
extinguished. 

Dead  and  degenerated  tissues,  when  situated  among  living 
tissues,  frequently  become  calcified.  This  is  typically  seen  in 
the  formation  of  Hthopeedion,  a  rare  condition  in  which  a  foetus 
that  has  escaped  from  an  ectopic  gestation  is  retained  in  the 
abdominal  cavity  for  years  and  is  infiltrated  with  lime  salts.  It 
is  also  seen  in  the  calcification  that  often  succeeds  death  and 
caseation  of  the  cells  in  a  tuberculous  nodule  or  a  patch  of 
atheroma,  or  death  of  the  central  portion  of  a  tumour  {e.g.  fihxo- 
myoma).  Of  the  same  nature,  practically,  is  the  calcification  of 
dense  inflammatory  fibrous  tissue  to  which  we  have  already 
referred  (p.  261),  when  discussing  the  means  whereby  the 
organism  renders  an  irritant  innocuous.  When  the  calcium 
salts  are  deposited  in  a  mass  of  caseous  or  otherwise  disintegrated 
tissue,  there  can  be  no  question  of  intra-  or  extra-cellular  de- 
position, and  the  mass  is  simply  more  or  less  gritty.^ 

The  reason  for  deposition  of  calcium  salts  is  not  clear.  In 
particular,  the  fact  that  tissues  {e.g.  tuberculous  nodules,  central 
portion  of  hard  fibro-myomata)  which  are  ill  supplied  with  blood 
or  lymph  are  nevertheless  the  especial  seats  of  calcification  is 
difficult  to  reconcile  with  the  fact  that  the  calcium  salts  are 
carried  to  the  part  by  blood  or  lymph.  We  can  understand, 
too,  that  blood-vessels  should  often  be  the  seats  of  calcareous 
change,  but  why  should  calcification  affect  arteries  with  extreme 

'  Calcium  salts  show  a  marked  affinity  for  hosmatoxylin,  with  the  result  that, 
when  microscopic  sections  of  tissues  in  which  they  are  present  are  stained  with  this 
reagent,  they  show  a  granular  and  densely  stained  deposit  of  haaniatoxylin  at  those 
points  where  the  calcium  salts  are  situated.  This  may  easily  be  mistaken  for 
.careless  staining  or  insufficient  washing  in  distilled  water,  unless  the  fact  be  recog- 
nised. 
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readiness  but  veins  with  such  rarity  that  calcification  affecting 
the  walls  of  veins  is  a  pathological  curiosity?  If  we  seek  the 
explanation  in  the  relative  amounts  of  carbonic  acid  held  by 
arterial  and  by  venous  blood,  and  consider  that  the  large  quantity 
of  carbonic  acid  in  venous  blood  keeps  the  calcium  salts  in 
solution,  and  that  the  small  quantity  in  arterial  blood  favours 
their  deposition,  we  are  met  by  the  fact  that  the  pulmonary 
veins  carry  blood  having  the  lowest  percentage  of  carbonic  acid  in 
the  body  and  yet  calcification  is  almost  unknown  in  these  vessels. 
Moreover,  the  assumption  that  carbonic  acid  increases  the 
solubility  of  calcium  salts  is  only  founded  on  the  fact  that  water 
■containing  that  gas  holds  in  solution  an  increased  amount  of 
calcium  carbonate.  But  in  the  first  place  blood  and  lymph  are 
not  water,  and  in  the  second  place  calcium  carbonate  is  not  the 
most  important  constituent  of  calcareous  deposits.  Probably  the 
explanation  in  this  particular  case  lies  in  the  fact  that  calcification 
in  blood-vessels  is  closely  bound  up  with  antecedent  atheroma  or 
arterio-sclerosis,  and  these  changes  almost  exclusively  affect 
arteries.  But  this  only  shifts  the  difficulty  back  to  the  question 
why  s.theroma  and  arterio-sclerosis  are  diseases  of  arteries  and 
not  of  veins.  We  are  probably  correct  in  ascribing  great  im- 
portance to  high  blood-pressure  and  the  stress  to  which  it  exposes 
the  vessel  wall,  in  the  causation  of  these  two  morbid  conditions, 
but  further  than  that  we  cannot  go. 

In  reference  to  the  important  bearing  of  coagulation  upon 
calcification,  it  may  be  mentioned  that  Litten  found  that  if  the 
blood  be  allowed  to  flow  through  a  kidney,  the  artery  of  which 
has  been  ligatured  for  a  hour  and  a  half,  there  is  a  precipitation 
of  calcium  salts  '  to  such  an  extent  that  the  organ  may  become  as 
hard  as  stone.'  Von  Kossa  has  confirmed  the  observation,  but 
points  out  that  though  calcification  is  obtained  by  these  means 
with  ease  in  the  case  of  the  rabbit's  kidney,  it  is  but  little  likely  to 
•occur  in  the  case  of  dogs  and  sovae  birds.  This  author  has  also 
obtained  a  similar  result  by  injecting  into  the  circulation  various 
poisons,  e.g.  copper  sulphate  and  iodoform,  and  notes  that 
success  is  more  easily  attained  by  artificially  increasing  the 
amount  of  calcium  in  the  blood  through  an  intravenous  injection 
■of  calcium  chloride.  He  beHeves,  too,  that  the  calcium  is  largely 
■deposited  as  an  albuminate. 

(vi)  Pig-mentary  Chang-es. — Abnormal  pigmentations  depend 
upon  the  presence  of  (1)  pigments  intrinsic  to  the  body,  or  (2) 
oxtrinsic  pigments.  The  intrinsic  pigments  are  (a)  haamato- 
■^enous,  (h)  non-hcematogenous. 
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(1)  Intrinsic  Pigments,  (a)  Hematogenous. — When  red 
blood-corpuscles  are  broken  up  in  quantity  two  substances  may 
be  formed,  hsemosiderin,  which  contains  iron,  and  htematoidin, 
which  is  iron-free.  These  substances  may  remain  in  situ  or  may 
be  carried  to  distant  parts. 

Hemosiderin  is  a  substance  in  which  the  iron  presents  the 
characteristic  chemical  reactions  of  iron;  it  turns  black  in  the 
presence  of  ammonium  sulphide  from  the  formation  of  sulphide 
of  iron,  forms  Prussian  blue  in  the  presence  of  potassium  ferro- 
cyanide  and  hydrochloric  acid.  It  therefore  differs  from  iron- 
containing  substances  such  as  haemoglobin,  ferratin,  etc.,  in 
which  the  iron  is  '  masked.'  By  aid  of  the  reagents  just 
mentioned,  large  quantities  of  iron  may  be  recognised  in  the 
liver  in  pernicious  anaemia;  it  hes  in  the  hepatic  cells  in  the 
form  of  minute  granules  and  is  seen  especially  in  the  inter- 
mediate zone  of  the  lobule,  i.e.  that  supplied  by  branches  of  the 
hepatic  artery.  In  pernicious  anaemia  (as  also  in  malaria,  or 
indeed  under  any  condition  in  which  there  is  marked  haemolysis, 
e.g.  poisoning  by  arseniuretted  hydrogen,  toluylenediamin)  hasmo- 
siderin  may  also  be  found  in  larger  or  smaller  quantities  in  the 
spleen,  in  renal  epithelium,  in  medulla  of  bone,  and  elsewhere. 
The  black  colour  seen  in  tissues  that  contain  much  blood  when 
they  are  undergoing  putrefaction,  depends  upon  the  action  of 
sulphm-etted  hydrogen  upon  haemosiderin. 

In  some  cases  the  iron  present  in  the  tissues  exists  in  a 
diffuse  and  not  a  granular  form.  This  is  often  noticeable  with 
the  kidney  in  pernicious  anaemia.  After  dipping  a  portion  of 
the  organ  into  a  dilute  mixture  of  potassium  ferrocyanide  and 
hydrochloric  acid,  it  may  take  on  an  intense  blue  colour,  but  yet 
microscopic  sections  treated  in  the  same  way  may  show  hardly  a 
granule  of  Prussian  blue. 

Hffimatoidin  is  occasionally  found  in  a  crystalline  or  a 
granular  form  in  old  extravasations  of  blood,  e.g.  in  cerebral 
apoplexy.  Sometimes  it  is  free,  sometimes  contained  within 
leucocytes  or  other  cells.  When  crystalline  it  forms  minute 
rhombic  plates  of  an  orange  colour.  There  is  doubt,  both  in  the 
case  of  hsemosiderin  and  in  that  of  haematoidin,  how  far  the 
agency  of  living  cells  enters  into  formation  of  the  pigment ;  pro- 
bably Neumann  is  correct  in  his  belief  that  living  cells  are 
necessary  to  the  formation  of  haemosiderin,  but  unnecessary  to 
the  formation  of  haematoidin. 

The  pigmentation  around  syphilitic  and  other  ulcerations, 
that  seen  over  the  tibiae  of  persons  who  sit  much  in  front  of  the 
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fire  (ephelis  ab  igne)  are  hsematogenous.  Where  the  part  is 
poorly  supplied  with  blood-vessels  and  lymphatics,  pigmentation 
often  persists  for  long  periods.  Derivatives  of  blood-pigment  are 
of  different  colom's ;  to  this  fact  is  due  the  series  of  colour- 
changes  undergone  by  a  bruise.  The  yellowish  skin-coloration 
seen  in  the  subjects  of  pernicious  anaemia  has  been  ascribed  (but 
incorrectly)  to  presence  of  the  urobolin  which  is  formed  in  large 
quantities  in  this  disease.  Highly  important  in  connection  with 
hsematogenous  pigmentations  are  the  derived  pigments  bilirubin 
and  biliverdin.  The  yellow  or  green  coloration  of  tissues  in 
jaundice  is  due  to  their  impregnation  with  these  substances. 
Occasionally  bile-pigments  are  deposited  in  a  crystalline  form. 
To  these  points  further  reference  is  made  in  connection  with  the 
subject  of  jaundice. 

The  brownish  discoloration  of  the  skin  seen  in  persons  who 
have  long  suffered  from  malaria,  and  in  those  who  are  con- 
valescent from  acute  infective  disorders  in  which  there  has  been 
much  destruction  of  blood,  is  also  partly  to  be  ascribed  to  the 
local  deposition  of  a  hsematogenous  pigment.  As  to  the  actual 
nature  of  the  pigment  in  question  little  is  known. 

(b)  Non-hcematogenous  Intrinsic  Figments. — The  most  im- 
portant of  these  pigments  is  melanin.  According  to  some 
authorities,  however,  a  melanin  *  group '  of  pigments  exists  of 
which  the  colouring  matter  of  melanotic  sarcomata  is  only  the 
most  common  example.  Melanin  is  iron-free  and  can  only  be 
formed  by  the  agency  of  living  cells  ;  the  granules  vary  in  colour 
from  a  faint  yellow  to  an  intense  black. 

Melanin  is  chiefly  met  with  in  the  protoplasm  of  the  cells  of 
melanotic  sarcoma,  but  it  is  a  question  whether  it  only  occurs  in 
those  cells  in  which  it  is  actually  formed.  There  is  some  reason 
for  believing  that  it  may  actually  leave  them  and  be  taken  up 
by  other  cells.  This  hypothesis  in  any  case  explains  the  fact 
that  though  the  melanotic  sarcoma  is  generally  assumed  to  have 
arisen  from  pigment-forming  cells,  yet  many  of  the  actual  cells 
of  the  tumour  are  totally  devoid  of  pigment.  In  accordance  with 
the  accepted  view  of  its  origin,  melanotic  sarcoma  only  arises 
from  regions  such  as  the  choroid  or  the  skin,  which  normally 
contain  pigment.  In  rare  instances  it  may  arise  from  the  pmeal 
body,  a  structure  which  represents  an  eye  embryologically,  and 
which  may  in  man  occasionally  contain  pigment  :  in  the  Lacer- 
tilia,  pigment  is  a  normal  constituent  of  the  pineal  body.  ^  When 
melanotic  sarcoma  affects  the  urinary  tract,  the  condition  of 
melanuria  may  be  produced. 
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A  f^roup  of  pigments  has  been  separated  which  have  been 
termed  '  Hpochromes '  from  the  fact  that  they  possess  many  of 
the  staining  reactions  of  fat.  Thus  the  granules  stain  black  with 
osmic  acid  and  a  rose  red  with  Sudan  III.  Such  pigments  have 
been  found  in  various  situations  ;  the  pigment  often  found  m  the 
large  ganghon  cells  of  the  nervous  system,  that  present  in  brown 
atrophy  of  the  heart,  and  the  pigment  which  occurs  in  large 
quantity  in  the  vesiculte  seminales  after  puberty  (Akutsu, 
Lubarsch),  are  of  this  kind. 

Abnormal  formation  of  a  normal  pigment  may  also  account 
fjr  pigmentary  changes.  Thus  excessive  formation  of  normal 
pigment  probably  explains  the  discolourations  often  seen  in 
Addison's  disease,  the  darkening  of  the  mammary  areolae  in 
pregnancy,  the  bronzing  of  the  skin  by  the  sun's  rays,  etc.  In 
other  cases  (vitiligo,  anaesthetic  leprosy)  the  abnormal  coloration 
is  probably  due  to  a  deficiency  of  normal  pigment.  In  some  of 
these  examples  (Addison's  disease,  vitiligo,  leprosy)  it  is  possible 
that  the  pigmentary  changes  depend  upon  nervous  influences  or 
their  absence.    To  this  question  reference  will  be  made  later. 

A  very  striking  form  of  pigmentation  is  that  known  as 
ochronosis.  It  is  but  rarely  seen  and  consists  in  a  black  dis- 
coloration of  the  cartilages  throughout  the  body  and  a  local 
deposition  of  pigment  particularly  in  the  intima  of  the  aorta  and 
in  the  heart.  The  pigment  is  rarely  deposited  in  a  granular  form 
and  apparently  never  so  in  the  cartilages.  The  nature  of  the 
pigment  is  quite  uncertain,  but  it  gives  no  iron-reaction.  Heile 
considers  the  pigment  to  belong  to  the  melanin  group,  but 
Albrecht  holds  that  it  has  no  relation  to  either  blood  pigments 
or  melanin. 

(2)  Extrinsic  Pi^mmts.— Extrinsic  pigments  are  of  most 
varied  nature.  They  enter  the  body  by  lungs,  ahmentary  tract 
and  skin.  The  most  common  is  carbon,  which  is  inhaled  m 
minute  particles  and  is  carried  by  leucocytes  to  all  parts  of  the 
lung  and  thence  to  the  bronchial  glands  by  way  of  the 
lymphatics.  Carbon  leads  to  the  condition  known  as  anthra- 
cosis  or  miner's  lung,  from  the  fact  that  miners  and  others 
working  in  an  atmosphere  containing  coal-dust  are  especially 
liable  to  be  affected.  But  all  adults  living  in  cities  have  then^ 
lungs  pigmented  from  the  same  cause.  In  siderosis,  which  is 
due  to  inhalation  of  minute  particles  of  iron,  the  lung  has  a 
rusty  colour;  in  chalicosis,  a  condition  affecting  stone-masons, 
etc.,  the  inhaled  particles  are  white  and  the  lung  is  abnormally 
pale.    Argyria  is  a  bluish-grey  discoloration  of  the  skin  and 
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organs  that  was  formerly  often  seen  owing  to  the  favour  in  which 
silver  nitrate  was  held  for  the  treatment  of  various  nervous  dis- 
orders. The  pigmentation  is  due. to  the  deposition  of  metallic 
silver  in  the  tissues.  Lastly  must  be  mentioned  such  pigments 
as  lampblack,  vermiHon,  etc.,  used  in  tattooing.  Much  of  the 
pigment  introduced  into  the  true  skin  in  tattooing  remains 
localised,  but  a  greater  or  smaller  amount  is  always  found  in  the 
nearest  lymphatic  glands. 

rV.  Atrophy  and  Hypertrophy.— In  general  terms,  it  is  said, 
when  a  part  is  smaller  than  normal,  that  it  is  atrophied,  when 
larger,  that  it  is  hypertrophied.  It  is  clear,  however,  that 
numerous  conditions,  themselves  intrinsically  different,  may  lead 
to  a  diminution  in  size  of  any  part  or  an  increase  as  the  case  may 
be.  It  is  therefore  necessary  to  differentiate  the  following  con- 
ditions : — 

1.  True  Atrophy,  when  tissue  cells,  after  having  reached  their 
normal  size,  retrograde  and  become  smaller,  the  number  of  cells 
in  the  tissue  remaining  unaltered. 

2.  Numerical  Atrophy,  when  the  number  of  cells  in  the  tissue 
which  was  formerly  normal  becomes  diminished.  This  condition 
is  also  known  as  aplasia. 

3.  Hijpoplasia,  when  a  tissue  fails  to  reach  the  normal  size 
owing  to  some  defect  of  nutrition  other  than  a  congenital  one. 
This  condition  is  also  known  as  aplasia. 

4.  Agenesia,  when  a  tissue  is  smaller  than  normal  owing  to 
failure  of  development  from  some  congenital  defect. 

5.  True  Hypertrophy,  when  a  tissue  is  increased  in  size 
because  its  component  cells  are  individually  larger  than  normal. 

6.  Hyperplasia,  when  a  tissue  is  larger  because  it  contains  a 
greater  number  of  component  cells  of  normal  size. 

7.  Gigantism,  when  a  tissue  is  larger  than  normal  because  of 
some  congenital  peculiarity. 

For  the  present  purpose,  however,  it  is  convenient  to  consider 
the  subject  in  the  broadest  manner,  indicating  where  possible  the 
specific  instances  where  the  more  accurate  sub-divisions  of 
atrophy  and  hypertrophy  are  concerned.  u  ^  n 

(i)  Atrophy.— It  would  simplify  matters  if  we  could  tu  ly 
distinguish  the  parts  played  by  blood-supply,  by  cell,  and  by 
nervous  system  in  the  causation  of  atrophy,  for  they  must  all  be 
■concerned  in  atrophy  as  they  are  in  normal  nutrition.  But  ni 
many  cases  this  is  impossible  because  we  cannot  decide  upoi 
the  factor  iprimarily  responsible  for  the  atrophy. 
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Under  certain  conditions  atrophy  is  a  physiological  process. 
It  is  physiological  in  the  atrophy  of  the  pupillary  membrane  in 
embryonic  life,  in  the  atrophy  of  the  thymus  body  in  the  second 
year  of  life,  in  the  atrophy  of  the  generative  organs  at  the  climac- 
teric, in  the  general  atrophy  of  old  age.  Even  the  removal  of 
provisional  callus  and  the  absorption  of  redundant  fibrous  tissue 
in  repair  are  physiological  atrophies. 


Fig.  20.— Pressuke  Atrophy  caused  by  New  Growth. 


Section  from  the  edge  of  a  metastatic  nodule  of  spindle  cell  sarcoma  in  the 
liver.  To  the  left  are  seen  the  sarcoma  cells,  to  the  right  is  fairly  normal 
hepatic  substance,  while  between  is  an  ill-defined  zone  in  which  the  liver 
cells  are  undergoing  pressure  atrophy.  The  cells  here  are  elongated  and 
compressed,  many  of  the  true  hepatic  nuclei  have  vanished,  and  in  their 
place  are  small  deeply-staining  nuclei  which  probably  represent  leuco- 
cytes. 

(1)  Deficiency  of  blood-supply  is  an  important  cause  of  patho- 
logical atrophy,  but  the  deficiency  must  be  long  continued  and 
not  too  severe.  For  if  not  long  continued,  it  may  be  without 
effect,  and  if  too  severe,  it  will  lead  to  degeneration  or  to  local 
necrosis.  One  of  the  most  important  forms  of  atrophy  due  to- 
deficient  blood-supply  is  '  pressure  atrophy.'  Pressure  atrophy  is- 
the  cause  of  that  absorption  of  rib,  costal  cartilage,  sternum  that 
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may  be  seen  with  aneurysm  of  the  ascending  part  of  the  arch 
of  the  aorta,  of  the  absorption  of  the  bodies  of  dorsal  vertebra 
with  aneurysm  of  the  descending  aorta,  of  the  absorption  of  bone 
when  the  periosteum  or  medulla  of  bone  is  the  seat  of  a  malig- 
nant new-growth.  The  process  in  bone  is  closely  allied  with 
caries,  for  in  both  cases  absorption  of  the  bone  is  carried  out  by 
osteoclasts  ;  but  whereas,  in  caries,  the  osteoclasts  are  abnormally 
numerous  and  active,  this  is  not  the  case  in  pressure  atrophy. 
Here,  the  atrophy  is  due  to  the  fact  that  no  new  bone  is  laid 
down  to  replace  that  removed  by  osteoclasts,  owing  to  inter- 
ference with  the  periosteal  blood-supply  by  pressure  of  the 
swelling. 

Many  of  the  '  disuse  atrophies '  probably  come  under  this  head- 
ing— at  least  in  part — for  disuse  means  lessened  blood-suppl}-. 
We  have  already  referred  to  this  point  in  connection  with  normal 
nutrition.  Besides  the  examples  there  given,  a  striking  example 
of  disuse  atrophy  is  that  undergone  by  the  lower  part  of  the  gut 
after  lumbar  colotomy ;  as  the  result  of  disuse,  the  intestine 
below  the  artificial  anus  may  dwindle  to  a  cord  no  thicker  than 
-the  little  finger.  Deficient  blood-supply,  in  part  owing  to  disuse, 
iilso  accounts  for  the  diminution  in  size  of  the  uterus  after 
parturition.  The  wasting  in  this  case  is  so  marked  that  the  nor- 
mal uterus  diminishes  in  weight  during  the  first  fortnight  af tea- 
delivery  by  about  a  pound  and  a  half. 

In  chiorotic  girls,  Virchow  pointed  out  that  there  is  often 
hypoplasia  of  the  aorta,  but  the  relation  between  this  condition 
and  the  ansemia  is  unknown. 

(2)  Some  forms  of  atrophy  must  depend  upon  failure  on  the 
part  of  cells  to  assimilate  nutriment,  for  '  a  cell  is  not  nourished 
but  nourishes  itself.'  We  are  here  on  somewhat  uncertam 
ground,  but  we  cannot  otherwise  fully  explain  many  atrophies, 
especially  those  which  show  an  inherited  tendency. 

Thus  senile  atrophy  has  a  marked  tendency  in  different 
families  to  show  itself  abnormally  early  or  abnormally  late. 
During  all  periods  of  hfe,  waste  and  repair  go  on  side  by  side,  but 
the  relation  between  the  two  processes  is  different  at  different 
times.  During  growth,  repair  exceeds  waste  and  the  excess 
of  nutriment  is  used  in  forming  additional  tissue  cells,  or  in  in- 
creasing the  size  of  those  already  in  existence  ;  during  adult  ii  e, 
waste  and  repair  are  evenly  balanced  ;  in  old  age,  waste  g'^^ni^  m' 
upper  hand.  But  it  is  not  to  deficient  supply  of  nutriment  tha 
we  must  ascribe  senile  atrophy,  for  in  most  cases  this  does  not 
differ  greatly  from  the  supply  m  adult  life ;  moreover,  old  age  is 
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exactly  that  period  of  life  in  which  local  growth  of  one  organ— 
the  prostate  gland— is  liable  to  occur,  and  old  age  is  no  barrier  to 
the  rapid  growth  of  a  malignant  tumour.  We  must  ascribe  the 
peculiarity  to  the  cell.  Examples  in  the  opposite  direction  are 
also  known.  The  thymus  gland  atrophies— undergoes  senile 
atrophy  we  may  even  say— at  a  period  of  Hfe  when  growth  else- 
where is  at  its  height;  the  generative  organs,  in  woman,  atrophy 
at  a  time  when  the  body  otherwise  is  almost  in  full  vigour.  One 
explanation— indefinite  though  it  is— that  we  can  give  of  all  these 
facts  is  that  the  cells  of  each  tissue  inherit  a  certain  span  of  life 
at  birth  of  the  individual.  This  span  of  Hfe  is  transmitted 
through  the  generations  of  cells  composing  the  tissue,  but  it 
loses  in  transmission.  When  it  is  nearing  its  end,  the  cells  have 
become  altered  in  such  a  way  that  they  can  no  longer  fully  repair 
their  waste,  and  therefore  atrophy  of  the  tissue  sets  in. 

Sometimes  the  inherent  defect  of  tissue  nutrition  involves  a 
whole  system  and  is  very  obvious.  Thus,  senile  atrophy  affects, 
amongst  other  tissues,  the  long  bones,  which  in  old  age  become 
thin,  brittle,  and  hable  to  fracture  spontaneously,  or  as  the  result 
of  insignificant  injury.  But  in  certain  famihes  there  is  an  inheri- 
ted tendency  to  spontaneous  fracture  of  bone,  which  is  so  marked 
as  to  force  the  conclusion  that  an  hereditary  fault  in  bone-forma- 
tion and  nutrition  characterises  the  members  of  these  famihes. 
Greenish  relates  a  history  of  this  kind,  the  genealogical  tree  of 
which  is  given  below.  Within  brackets  is  placed  the  number 
of  fractures  that  each  individual  sustained. 

Genealogical  Tree  of  a  Family  shoiving  great  Tendency  to 
Spontaneous  Fracture  of  Bone  {after  Greenish). 

M  ('  several ') 


M(l) 


M(2)  M(0)         IMO)  F(0) 


M(1.3)     M(2)        ?(4)     ?(4)     ?(8)     ?(4)  ?(3) 

The  inherited  tendency  to  malformation  of  toes  and  fingers 
which  is  sometimes  seen,  and  an  example  of  which  has  been 
given  in  Chapter  I.,  can  only  be  explained  on  the  assumption  of 
an  hereditary  fault  in  the  cellular  processes  going  on  at  that  time 
of  intra-uterine  life  when  the  digits  are  being  separated  from  the 
as  yet  undifferentiated  extremity.'  And  if  we  must  accept  the 
idea  of  an  inherited  peculiarity  of  cell  arrangement,  it  is  not 
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unreasonable  to  accept  also  the  idea  of  an  inherited  peculiarity  of 
cell  nutrition. 

Other  examples  of  atrophy  which  we  must  ascribe  to  inherited 
fault  of  cell  nutrition  are  seen  in  Friedreich's  paralysis,  where  the 
fault  concerns  nerve-cells,  and  in  Duchenne's  (pseudo-hyper- 
trophic)  paralysis,  where  it  concerns  voluntary  muscle-cells. 
For  these  atrophies  no  other  etiological  factor  can  at  present 
be  recognised  than  an  hereditary  one.  In  progressive  muscular 
atrophy,  a  condition  which,  so  far  as  the  muscles  are  concerned, 
is  anatomically  very  similar  to  Duchenne's  paralysis,  the  muscular 
atrophy  is  secondary  to  changes  in  the  spinal  cord,  and  not 
primary. 

In  this  connection  it  may  be  pointed  out  that  conditions  such 
as  'writer's  cramp,'  'hammerman's  palsy,'  etc.,  generally  end  in 
atrophy  of  particular  groups  of  muscles.  In  these  '  functional ' 
diseases  the  first  symptoms  consist  of  spasmodic  contraction,  and 
the  group  of  muscles  affected  is,  in  the  large  majority  of  cases, 
one  that  has  for  a  considerable  time  been  called  into  action  in  the 
pursuit  of  the  patient's  avocation.  Whether  the  original  seat  of 
these  conditions  is  in  the  nervous  system  or  in  the  muscles 
affected  is  uncertain,  but  the  whole  series  of  changes  from  slight 
spasm  to  complete  paralysis  and  atrophy  seems  to  depend  upon 
an  impaired  nutrition  of  cells  due  to  over-stimulation.  Probably, 
however,  in  these  cases  there  is  some  inherent  defect  of  nerve  or 
muscle-cells  which  causes  them  readily  to  succumb  to  excessive 
stimulation  ;  writer's  cramp,  for  example,  is  a  very  rare  condition 
considering  the  numbers  that  earn  a  living  by  the  pen,  but  we 
should  expect  it  to  be  relatively  common,  if  excessive  stimulation 
were  its  sole  cause. 

(3)  Atrophy  due  to  nervous  causes  is  best  seen  in  the  case  of 
muscles  when  some  lesion  has  interfered  with  the  integrity  of 
their  efferent  nerve  tract.  But  the  interference  must  involve  the 
lower  segment  of  that  tract.  Without  entering  into  the  rival 
neuronic  and  fibrillar  theories  of  the  constitution  of  the  nervous 
system,  it  may  be  said  that  if  we  reduce  an  efferent  tract  to  its 
schematic  form  it  consists  of  an  upper  and  a  lower  segment. 
The  upper  segment  consists  of  a  large  ganglion  cell  in  the  cerebral 
cortex  with  its  dendrites,  that  ramify  locally  and  bring  the  cell 
into  physiological  connection  with  other  cortical  cells,  and  its 
axon,  which  travels  by  way  of  the  internal  capsule,  crus  cerebri, 
pons,  and  white  matter  of  the  cord  down  to  a  certain  level,  when 
it  enters  the  grey  matter,  passes  to  the  ventral  horn  and  breaks 
up  into  a  terminal  arborisation.    The  lower  segment  is  similar. 
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It  consists  of  a  large  ganglion  cell  in  the  ventral  horn  of  the 
cord  with  locally  ramifying  dendrites,  and  an  axon  which  leaves 
the  grey  matter  of  the  cord  by  an  anterior  nerve  root  and  passes 
in  a  nerve  trunk  to  a  muscular  fibre,  where  it  breaks  up  into 
an  arborisation.    Connection,  physiological  if  not  anatomical 
('  synapsis'),  is  made  between  these  two  segments  in  the  ventral 
horn  of  the  cord,  for  the  terminal  arborisation  of  the  upper  seg- 
ment is  brought  into  close  relation  with  the  dendrites  of  the 
ventral  cornual  ganglion  cell. 

Now,  when  a  muscle  is  paralysed,  atrophy  (m  excess  of  that 
which  is  compatible  with  mere  disuse)  occurs  only  when  the 
lower  segment  is  affected.    The  upper  segment  may  be  involved 
so  little  that  the  change  is  not  recognisable  microscopically,  and 
we  have  to  assume  that  the  lesion  affects  the  communication 
between  its  terminal  arborisation  and  the  dendrites  of  the 
multipolar  cell  of  the  ventral  horn  ;  or  it  may  be  involved  so 
considerably  that  it  has  degenerated  over  its  whole  length  frona 
grey  matter  of  cortex  to  grey  matter  of  cord ;  but  though,  m  all 
the  possible  variations  between  these  two  conditions,  there  is 
paralysis,  wasting  of  the  involved  muscle  is  never  comparable 
with  the  marked  atrophy  that  occurs  when  the  lesion  involves 
the  lower  segment  in  any  part  of  its  conrse.    The  excessive 
muscular  wasting,  for  example,  that  occurs  after  section  of  an 
efferent  nerve  such  as  the  nlnar,  or  when  the  ganglion  cells  m 
the  ventral  horns  of  the  cord  are  affected  by  the  changes  con- 
stituting poliomyehtis,  has  no  counterpart  in  the  slight  wasting 
that  occurs  when  a  limb  is  paralysed  owing  to  some  cerebral 
lesion.    The  ganglion  cell  of  the  ventral  horn  not  only  deter- 
mines the  nutrition  of  its  own  axon  but  also  the  nutrition  of  the 
muscular  fibre  with  which  the  terminal  arborisation  of  that  axon 
is  in  apposition. 

Similarly,  the  atrophy  which  occurs  after  section  of  all  the 
nerves  supplying  a  salivary  gland  is  probably,  m  part,  dependent 
upon  removal  of  a  trophic  influence  normally  exerted  upon  the 
gland  by  the  nervous  system.  How  far  atrophic  changes  m 
other  glands  are  dependent  upon,  or  independent  of,  primary 
nerve  changes  it  is  impossible  to  say. 

Other  well-marked  examples  of  atrophy  dependent  upon 
nervous  or  upon  nervous  combined  with  vascular  causes,  are 
seen  in  facial  and  glossal  hemiatrophy,  m  'glossy  skm,'  and  m 
scleroderma.  Hemiatrophy  of  the  tongue  may  be  congenital,  but 
more  frequently  occurs  when  the  hypoglossal  nerve  is  interrupted 
in  its  course  ;  this  nsually  depends  upon  caries  and  necrosis  of 
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the  upper  cervical  vertebrse  or  upon  a  nodule  of  new-growth,  but 
in  either  case  conductivity  of  the  nerve  is  destroyed  by  pressure. 
The  affected  half  of  the  tongue  is  flaccid,  wrinkled,  and  greatly 
shrunken,  and  the  corresponding  hypoglossal  nerve  is  prac- 
tically devoid  of  axis  cylinders  and  converted  into  a  fibrous 
cord. 

Glossy  skin  is  seen  on  the  hands  after  injury  to  the  median, 
ulnar  or  radial  nerve,  and  shows  itself  as  a  marked  thinning  of 
the  epidermis,  with  disappearance  of  the  normal  furrows  and 
strise,  the  sweat-glands,  and  hair-sacs.  A  closely  similar  con- 
dition is  often  seen  in  the  hands  of  patients  suffering  from 
rheumatoid  arthritis,  a  disease  which,  according  to  some  authors, 
is  of  nervous  origin. 

In  scleroderma  the  corium  takes  on  a  leathery  consistency ; 
the  disease  may  affect  any  part  of  the  body,  but  it  shows  a 
predilection  for  the  fingers.  According  to  Lewin  and  Heller, 
who  analysed  over  400  recorded  cases,  the  disease  is  an  angeio- 
trophoneurosis.  Some  authors  consider  it  to  be  a  primary 
affection  of  the  connective  tissue  for  which  no  cause  is  known, 
but  Lewin  and  Heller  lay  great  stress  upon  the  facts  that  in  three 
cases  one-half  of  the  body  was  affected,  in  seven  one-half  of  the 
face,  and  in  twenty-one  others  there  was  a  symmetrical  arrange- 
ment of  the  scleroderma.  These  facts  strongly  suggest  a  nervous 
origin.  The  pathology  of  the  affection  is  apparently  as  follows. 
First  of  all,  the  blood-vessels  are  locally  dilated  and  the  tem- 
perature of  the  part  rises,  then  follow  changes  in  the  v^-ssel  walls, 
including  endarteritis.  At  first  with  the  congestion  there  is 
oedema  and  overgrowth  of  the  connective  tissue  of  the  skin,  but 
finally,  inflammatory  and  tropho-neurotic  processes  sharing  in 
the  work,  the  characteristic  induration  appears.  The  induration 
compresses  the  already  modified  blood-vessels  and  injures  them 
yet  more,  the  endarteritis  advances,  the  blood-supply  of  the  skm 
is  more  and  more  cut  off,  and  ultimately  the  skin  may  be  atrophied 
until  it  is  no  thicker  than  paper. 

Just  as  a  change  in  the  spinal  cord  may  determine  atrophy 
of  a  limb,  so  removal  of  a  limb  may  determine  localised  atrophy 
of  the  nervous  system.  Well-marked  examples  of  such  atrophy 
have  been  described  in  many  cases  in  which  amputation  of  a  limb 
has  been  performed  some  years  before  death. 

The  atrophy  affects  the  posterior  column  of  the  same  side, 
and  the  cortical  centre  normally  concerned  in  voluntary  move- 
ment of  the  limb  and  the  antero-lateral  columns  with  which  that 
cortical  centre  is  in  connection.    So,  too,  after  enucleation  of  the 
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eye  in  young  animals  there  occurs  atrophy  of  the  anterior  corpus 
quadrigeminum,  optic  thalamus,  and  occipital  cortex.  A  closely 
similar  condition  is  seen  in  the  atrophy  of  one  lateral  lobe  of  the 
cerebellum,  which  has  been  found  in  association  with  atrophy  of 
the  opposite  frontal  convolutions. 

Changes  undergone  by  apart  during  Atrophy. — Atrophy  may 
be  uncomplicated,  though  this  is  rarely  the  case.  Far  more 
commonly  it  is  associated  with  degeneration  or  infiltration  pro- 
cesses, of  which  fatty  degeneration  and  calcification  are  the  chief. 
This  is  natural  when  we  remember  that  all  these  processes  agree 
in  the  fact  that  they  are  disturbances  of  cell  nutrition  on  the  way 
to  cell  death. 

The  converse  proposition,  that  the  degenerations  and  infiltra- 
tions are  associated  with  atrophy,  is  even  more  true.  Only  in 
the  case  of  extremely  limited  infiltrations  is  atrophy  of  cell  pro- 
toplasm completely  absent.  Where  the  change  is  extensive, 
whether  it  be  a  degeneration  or  an  infiltration,  the  cell  protoplasm 
gradually  disappears,  commonly  as  the  result  of  pressure  atrophy. 
This  is  seen  to  a  marked  extent  in  a  Hver  affected  by  either  the 
lardaceous  or  the  fatty  change  ;  though  the  organ  as  a  whole  is 
enlarged,  the  hepatic  cells  are  small  and  compressed,  and  in  many 
places  are  completely  wanting. 

Atrophy  of  the  prbper  cells  of  a  tissue  is  often  accompanied 
by  overgrowth  of  its  connective  tissue.  This  combination  is 
frequently  seen  in  the  kidney  (interstitial  fibrosis,  'granular 
kidney')  and  in  the  liver  (hepatic  cirrhosis).  In  those  cases  it 
has  been  considered  that  the  organ  is  affected  with  '  chronic 
inflammation.'  It  occurs  in  the  atrophy  of  ovaries  and  testea 
after  termination  of  sexual  hfe,  in  scleroses  of  the  nervous  system, 
in  fibroid  '  degeneration  '  of  the  heart  and  elsewhere.  Often,  too, 
the  connective  tissue  becomes  loaded  with  fat. 

Apart  from  the  proliferation  of  connective  tissue  corpuschs 
seen  in  cases  where  atrophy  is  combined  with  connective  tissue 
overgrowth,  there  sometimes  occurs  a  proliferation  of  tissue  cell 
nuclei.  This  is  markedly  the  case  in  atrophy  of  muscle.  Side 
by  side  with  the  actual  proliferation,  a  definite  fragmentation  of 
nuclei  may  also  take,  place ;  probably  the  changes  here  are,  m 
part,  comparable  with  the  changes  seen  in  the  nuclei  of  leucocyte& 
when  they  degenerate  and  become  pus-cells.  Eicker,  who 
investigated  the  subject  experimentally  in  rabbits,  found  that 
fragmentation  of  nuclei  occurs  when  atrophy  of  the  gastro- 
cnemius has  been  induced  by  neurotomy  but  not  when  it  depends 
upon  tenotomy.    He  ascribes  the  difference  to  the  fact  that  after 
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neurotomy  there  occurs  an  arterial  hyperaemia  which  subsequently 
gives  place  to  a  marked  venous  congestion.  Other  changes,  such 
as  fibrillation  in  hyaline  cartilage,  disappearance  of  striation  in 
voluntary  muscle  fibres,  often  precede  or  are  early  signs  of 
atrophy ;  their  meaning  is  unknown.  In  brown  atrophy  of  the 
heart  the  atrophy  is  associated  with  the  presence  of  pigment 
granules  in  the  neighbourhood  of  the  muscle  nucleus;  the 
pathology  of  this  condition  is  unknown,  but  apparently  it  is  a 
senile  change. 

When  an  organ  or  tissue  commences  to  diminish  in  size  there 
may  at  first  be  only  a  true  atrophy,  but  very  soon  numerical 
atrophy  is  superadded,  and  it  is  with  a  combination  of  both 
processes  that  we  have  in  most  cases  to  deal.  Agenesia  is  seen 
in  its  most  marked  form  in  certain  congenital  monstrosities. 
Intermediate  conditions  between  agenesia  and  hypoplasia  are  not 
uncommon. 

(ii)  Hypertrophy. — By  hypertrophy  is  meant  more  than  mere 
enlargement.  A  lung,  the  seat  of  croupous  pneumonia,  is  en- 
larged, but  it  is  not  hypertrophied ;  a  liver,  the  seat  of  carcinoma, 
is  enlarged,  but  it  is  not  hypertrophied.  For  the  existence  of 
hypertrophy  not  only  must  the  tissue  be  larger  than  normal,  it  is 
necessary  also  that  its  structure  should  be  normal.  Strictly 
speaking,  this  only  occurs  in  hyperplasia ;  in  the  case  of  true 
hypertrophy  the  constituent  cells  differ  from  the  normal,  though 
only  in  their  greater  size.  Further,  the  term  hypertrophy 
imphes  life  ;  mere  accumulation  of  dead  material,  e.g.  an  uncut 
nail  or  excessive  length  of  hair,  is  not  hypertrophy. 

An  hypertrophied  cell  may  be  enormously  enlarged;  thus 
Kolliker  found  that  the  unstriped  muscular  cells  of  the  uterus 
at  the  end  of  pregnancy  are  eleven  times  as  long  and  four  times 
as  broad  as  normal.  As  a  rale,  however,  the  increase  is  not  so 
great. 

There  is  some  difference  of  opinion  as  to  how  far  hyperplasia 
conjoins  with  true  hypertrophy  in  producing  macroscopic  hyper- 
trophy. Thus,  in  cardiac  hypertrophy,  most  authors  beheve  that 
both  conditions  are  present,  but  Tangl  found  by  direct  measure- 
ment that  the  muscle-cells  are  increased  in  diameter  and  thac 
the  mean  diameter  of  the  cells  increases  proportionately  with  the 
weight  of  the  heart.  He  therefore  maintains  that  the  condition 
is  one  of  true  hypertrophy  uncomplicated  by  hyperplasia,  and  m 
this  view  he  is  supported  by  some  other  authors.  In  the  pregnant 
uterus  hyperplasia  certainly  coincides  with  true  hypertrophy  ;  i» 
the  kidney,  when  there  is  compensatory  hypertrophy,  there  is 
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hyperplasia  of  the  cells,  true  hypertrophy  of  the  glomeruH  ; '  but 
when  fibrous  tissue  and  epithelium  increase  in  bulk  they  do 
so  essentially  by  hyperplasia. 

Hypertrophy  involves  tissues  of  widely  different  types  :  muscle, 
glandular  elements,  bone,  epidermis,  fibrous  tissue.  Often  several 
of  these  are  aSected  together  ;  thus,  when  a  voluntary  muscle  is 
hypertrophied,  the  inter-muscular  fibrous  tissue  and  the  blood- 
vessels which  it  carries,  and  the  bones  at  the  points  of  muscular 
attachment,  are  hypertrophied  also. 

Hypertrophy  may  be,  strictly  speaking,  either  physiological 
or  pathological.  Nevertheless  '  physiological '  hypertrophy  is 
very  frequently  met  with  under  pathological  conditions.  Patho- 
logical hypertrophy  is  seen  in  such  conditions  as  leucocythasmia, 
where  the  spleen  is  enormously  enlarged,  Hodgkin's  disease 
(lymphadenoma),  where  lymphatic  glands  are  enlarged,  acro- 
megaly, leontiasis  ossea,  pulmonary  osteo-arthropathy,  osteitis 
deformans,  where  bone  is  enlarged  or  thickened. 

The  two  chief  varieties  of  '  physiological '  hypertrophy  with 
which  we  are  concerned  in  pathology  are  '  work  '  hypertrophy 
and  '  compensatory  '  hypertrophy.    Work  hypertrophy  is  seen  in 
its  simplest  form  when  a  muscular  organ  is  called  upon  to  over- 
come an  increased  resistance,  as,  for  example,  the  urinary  bladder 
when  there  is  stricture  of  the  urethra,  the  stomach  when  there  is 
stricture  of  the  pylorus,  the  voluntary  muscles  of  an  athlete.  Such 
hypertrophy— at  all  events  in  the  case  of  muscle— only  occurs 
when  the  work  to  be  done  Hes  well  within  the  reserve  power  of 
the  tissue.    It  is  an  old  experiment  which  shows  that  a  loaded 
muscle  contracts  more  forcibly  with  increase  of  the  load  up  to,  and 
only  up  to,  a  certain  point ;  when  the  load  is  increased  further, 
contractions  diminish  in  force  until  at  last  they  cease.    It  follows 
therefore,  since  functional  activity  and  supply  of  nutriment  by 
actively  dilated  blood-vessels  go  hand  in  hand,  that  increase 
beyond  a  certain  point  of  the  work  to  be  done  must  of  necessity 
lead,  not  to  hypertrophy,  but  to  atrophy  and  degeneration.  And 
whether  exercise  of  function  be  the  cause  of  hypertrophy  or  no — 
a  question  to  which  we  shall  return  shortly — there  is  no  doubt 
that  the  two  conditions  accompany  one  another,  so  that  hyper- 
trophy can  only  occur  when  the  work  to  be  done  is  well  within 
the  reserve  power  of  the  tissue  at  the  moment  when  it  is  called 

'  Eckhart  (Virch.  Arch.,  vol.  cxiv.,  1888,  p.  217)  believes  that  in  compensatory  hyper- 
trophy of  the  kidney  due  to  congenital  absence  of  the  other  organ,  there  is  hyperplasia 
and  hypertrophy  of  both  glomeruli  and  tubules  ;  if  the  defect  be  acquired  there  is 
hypertrophy  alone  and  no  hyperplasia  of  either  glomeruli  or  tubules. 
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upon  to  perform  that  work.  This  is  clearly  seen  in  the  case  of 
the  heart  ;  a  shght  incompetence  of  the  mitral  valve  leads  to  great 
hypertrophy  of  the  left  ventricular. wall  and  little  dilatation  of  the 
cavity,  but  a  considerable  incompetence,  under  similar  circum- 
stances, leads  to  great  dilatation  of  the  cavity  and  a  thinning  of 
the  ventricular  wall. 

Compensatory  hypertrophy  occurs  in  its  simplest  form  where 
one  of  paired  organs  is  absent  or  removed.  When  one  kidney 
is  removed  or  destroyed  experimentally,  or  in  the  course  of  disease, 
the  other  hypertrophies.  Not  all  cases  of  enlargement  under 
these  conditions,  however,  are  hypertrophic.  Thus,  when  one 
lung  has  been  destroyed  by  disease  the  other  lung  becomes 
enlarged,  but  it  is  not  hypertrophied,  for  in  the  first  place  there  is 
no  evidence  of  new  formation  of  lung  tissue,  and  in  the  second 
place,  the  enlarged  lung  is  not  normal  but  emphysematous. 
Other  examples  of  compensatory  hypertrophy  are  seen  in  the 
hypertrophy  of  lymph  glands  after  excision  of  the  spleen,  hyper- 
trophy of  the  remaining  portion  of  a  gland  such  as  the  hver  or 
pancreas,  when  a  portion  has  been  extirpated  ;  perhaps  also  in  the 
hypertrophy  of  the  pituitary  body  which  has  been  found  by  some 
observers  after  thyroidectomy  and  in  myxoedema. 

Work  hypertrophy  and  compensatory  hypertrophy  come  close 
to  one  another,  but  apparently  there  is  a  difference  between  them. 
The  hypertrophy  seen  in  one  kidney  after  removal  of  the  other 
can  easily  be  associated  with  increased  work,  for  the  body  requires 
to  rid  itself  of  a  certain  amount  of  nitrogen,  salts,  and  water, 
whether  there  be  one  kidney  or  two,  and  removal  of  one  organ 
necessarily  throws  increased  work  upon  the  other.  But  in  the 
case  of  the  testis,  so  far  as  we  know,  no  increased  work  is  thrown 
upon  the  remaining  organ  if  one  of  them  fails  to  develop  or  is 
removed,  and  yet  there  is  hypertrophy.  We  approach  here  the 
question  wdiether  nervous  influences  control  growth  as  in  some 
cases  they  control  nutrition.  The  subject  is  a  difficult  one  and 
cannot  be  discussed  here,  but  that  growth  is  in  some  cases  inde- 
pendent of  the  nervous  system  is  shown  conclusively  by  the  facts 
that  anencephalous  and  amyelous  monsters  show  well-developed 
tissues  in  other  respects,  that  epithehal  structures  {e.g.  hair, 
teeth)  and  even  bone  may  develop  in  dermoid  cysts,  and  in  a 
most  marked  manner  by  the  fact  that  in  the  embryo  early  growth 
and  division  of  cells,  and  even  the  formation  of  the  nervous 
system  itself,  are  carried  out  independently  of  nervous  control. 

Hypertrophy  being   fundamentally  growth  carried  beyond 
the  normal  hmits,  the  conditions  underlying  hypertrophy  aie 
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essentially  those  underlying  normal  growth.     These  are  :  (1)  an 
inherent  power  of  growth  on  the  part  of  the  cell  ;  (2)  an  ex- 
cessive supply  of  nutriment ;  (3)  a  stimulus.  ^    ,  ^  ^ 
Concerning  the  first  two  of  these  there  is  no  doubt,  though 
the  hypertrophy  of  bone  which  is  seen  after  prolonged  administra- 
tion of  phosphorus,  and  the  general  increase  in  size  and  vigour 
(not  confined  to  the  skeleton)  seen  after  prolonged  administra- 
tion of  arsenic,  have,  by  some  authors,  been  considered  to  depend, 
not  upon  an  excessive  supply  of  nutriment,  but  upon  a  dimi- 
nished tissue  waste.    But  in  the  case  of  the  stimulus  there  is  great 
divergence  of  opinion.    Cohnheim  considered  that  the  stimulus 
to  increased  growth  is  the  increased  amount  of  nutriment  con- 
veyed to  the  part  by   an   active  hypersemia  called  forth  by 
functional  activity  ;  no  stimulus,  whether  nervous,  mechanical, 
chemical,  thermic,  or  inflammatory,  was,  in  his  opinion,  an 
effective  cause  of  hypertrophy,  except  by  the  way  of  active  con- 
gestion.   Ziegler  holds  that  the  stimulus  for  hypertrophy  is  in- 
creased work.    Bizzozero  divided  tissues  into  three  groups  :  (a) 
those  whose  cells  proliferate  without  intermission  so  long  as  the 
individual  Hves-these  he  calls  labile  cells,  and  to  them  belong 
the  cells  of  glands  {e.g.  sebaceous)  which  break  down  into  the 
secretion,  skin,  and  its  appendages  ;  {h)  tissues  whose  cells  pro- 
liferate no  more  once  they  have  gained  their  specific  characters, 
which  occurs  at  or  soon  after  birth— these  are  stahle  cells,  and  to 
them  belong  bone,  cartilage,  smooth  muscle  and  tissue  of  glands 
secreting  amorphous  substances;    (c)  tissues,  the  cells  which 
have  ceased  to  proliferate  during  embryonic  life,  though  differ- 
entiation of  the  tissue  may  not  have  taken  place  at  that  time— 
these  are  permanent  cells,  and  of  this  kind  are  nerve  and  striated 
muscle-cells.    He  has  shown  through  his  pupils  that  congestion 
from  vaso-motor  paralysis  (Morpurgo)  or  heating  (Penzo)  favours 
a  proliferation  of  labile  cells,  but  cannot  start  proliferation  of 
either  stable  or  permanent  cells.    Sacerdotti  attaches  himself  to 
Ziegler's  view,  for  he  found  in  a  dog,  from  which  one  kidney  had 
been  removed,  that  if  he  reduced  the  amount  of  material  to  be 
excreted  by  starving  the  animal,  hypertrophy  and  cell-division 
were  absent  from  the  remaining  kidney.    He  found  further  that 
if  he  injected  into  a  normal  dog  once  or  twice  daily  for  several 
days  the  blood  of  a  bilaterally  nephrectomised  dog,  the  ki^ney^ 
the  normal  dog  showed  numerous  karyokinetic  figures,  liibbert 
allows  that  increased  functional  activity  and  hypertrophy  or 
hyperplasia  are  found  together,  but  he  doubts  whether  they  stand 
to  one  another  as  cause  and  effect.    He  beHeves  that  the  stimulus 
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to  increased  growth  is  to  be  found  in  a  mechanical  eiEfect  of  the 
hypersemia.  He  holds  that  all  cells  have  an  inherent  capacity  for 
growth,  in  some  cases  greater,  in  some  cases  less,  but  that  this 
inherent  capacity  is  held  in  check  by  the  '  tissue-tension 
(Geivebspannimg)  '  of  neighbouring  parts,  and  by  the  influence 
which  the  whole  body  exerts  upon  its  component  parts.  When 
a  tissue  ceases  to  grow,  this  does  not  depend  upon  the  fact  that 
its  capacity  for  growth  is  exhausted  as  Cohnheim  held,  but  is  due 
to  the  fact  that  tissue-tension  has  become  sufficient  to  inhibit  a 
manifestation  of  the  inherent  power  of  growth  which  still  lurks 
in  its  component  cells.  Hence,  when  the  tissue-tension  has 
diminished,  as  it  is  when  parts  are  separated  from  one  another, 
e.g.  by  hypersemia,  the  inherent  power  of  growth  is  no  longer 
restrained,  and  therefore  growth,  i.e.  hypertrophy,  takes  place. 
This  same  explanation  Kibbert  applies  to  the  processes  of  re- 
generation and  repair,  and,  as  will  be  seen  later,  in  a  slightly 
modified  form  to  tumour  and  cyst-formation.  It  must  be  noted 
that  by  '  tissue-tension '  Eibbert  implies  the  sum  of  all  the 
opposing  influences  acting  upon  a  part,  and  not  mechanical 
factors  alone. 

As  to  the  mode  in  which  growth  takes  place,  it  is  held 
that  true  hypertrophy  consists  in  separation  of  the  molecules 
composing  a  cell  protoplasm,  and  intercalation  between  them  of 
new  molecules  of  water  and  of  protoplasm  derived  from  the 
blood.  This  process,  it  is  generally  considered,  depends  upon 
osmosis  or  a  process  akin  to  osmosis.  Thus  Loeb,  deahng  with 
functional  hypertrophy  of  muscle,  says  that,  probably,  as  the 
result  of  functional  activity,  the  osmotic  pressure  in  the  muscle 
bundles  rises,  and  the  number  of  molecules  in  solution  in  the 
muscle  substance  increases.  The  water  entering  the  muscle  by 
osmosis  would  increase  the  volume  of  the  muscle  and  new 
molecules  could  be  laid  down  in  the  enlarged  spaces.  He  says 
that  quite  a  small  anlount  of  muscular  action  raises  the  osmotic 
pressure  of  muscle  by  50  per  cent.  Hyperplasia  not  only 
includes  growth,  but  also  cell  division,  whether  direct  (amitosis) 
or  indirect  (mitosis,  karyokinesis) .  The  phenomena  observed 
when  cells  are  dividing  are  of  course  well  established,  but  little 
or  nothing  is  known  as  to  the  factors  upon  which  they  depend 
other  than  those  which  apply  to  growth  generally. 

(iii)  Chronic  Fibrosis  and  certain  Allied  Chang-es  in  Bone  and 
Joints.— We  have  already  seen  that  in  repair  of  composite 
tissues  new  formation  of  fibrous  tissue  is  a  very  prommeut 
factor.    In  chronically  inflamed  parts,  therefore,  the  amount  of 
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fibrous  tissue  is  often  greatly  increased.  This  fibrous  tissue 
is  true  scar  tissue.  But  besides  cases  of  this  kind,  which  are 
strictly  inflammatory,  an  increase  of  fibrous  tissue  occurs  under 
conditions  where  there  is  no  evidence  that  inflammation  is  or 
has  ever  been  a  factor.  Thus,  in  Duchenne's  (pseudo-hyper- 
trophic  muscular)  paralysis,  the  calves  and  buttocks  are 
enormously  increased  in  size,  the  increase  being  due  solely  to  a 
hyperplasia  of  the  inter-muscular  connective  tissue  with  a  deposi- 
tion in  it  of  much  fat.  In  chronic  granular  kidney,  in  cirrhosis 
of  the  liver,  in  fibroid  disease  of  the  heart,  in  sclerosis, of  the 
nervous  system,  there  is  a  similar  increase  of  fibrous  tissue,  and  it 
may  be  so  considerable  that  in  places  this  is  the  only  tissue 
recognisable. 

Now,  though  the  change  in  Duchenne's  paralysis  has  never 
been  regarded  as  inflammatory,  and  though  in  fibroid  disease  of 
the  heart  and  sclerosis  of  nerve  tracts  there  have  always  been 
some  doubts  on  the  point,  in  the  cases  of  granular  kidney  and 
hepatic  cirrhosis  it  was  long  held  without  question  that  the 
increased  fibrous  tissue  is  true  scar  tissue  and  that  fibrosis  of 
these  organs  is  really  the  result  of  chronic  interstitial  inflam- 
mation. Hence  granular  kidney  is  at  the  present  time  often 
called  chronic  interstitial  '  nephritis,'  cirrhosis  of  the  liver  often 
regarded  as  a  form  of  chronic  interstitial  '  hepatitis,'  and  (though 
less  frequently  than  in  former  years)  fibroid  heart  is  sometimes 
termed  a  chronic  'myocarditis,'  and  sclerosis  a  chronic  'en- 
cephalitis '  or  '  myelitis.' 

But  apart  from  the  fallacy  introduced  by  dividing  inflam- 
■  mation  into  '  interstitial '  and  '  parenchymatous  '  and  attaching 
the  conditions  under  discussion  to   the  '  interstitial '  variety, 
evidence  that,  in  these  cases,  there  has  ever  been  inflammation 
in  the  accepted  sense  of  the  word,  is  meagre  or  entirely  wanting, 
and  is  wholly  unsatisfactory.    Many  authors,  therefore,  at  the 
present  day  refuse  to  consider  this  kind  of  fibrous  tissue-forma- 
tion as  inflammatory.    They  point  out  that  almost  all  cases  of 
atrophy  are  accompanied  by  a  non-inflammatory  hyperplasia  of 
fibrous  tissue.    Thus  it  occurs  in  Duchenne's  paralysis,  in  the 
post-natal  or  embryonic  changes  occurring  in  atrophy  of  the 
ductus  venosus,  urachus,  ductus  arteriosus,  thymus,  in  atrophy  of 
the  ovaries  and  testes  after  termination  of  sexual  life,  and  so  on. 
Hence  they  conclude  that  in  cerebral  and  spinal  scleroses,  in 
granular  kidney,  in  cirrhosis  of  the  liver,  in  fibrosis  of  the  heart, 
and  allied  conditions  of  the  same  fibroid  nature,  the  hyper- 
plasia of  connective  tissue  is  compensatory  to  an  antecedent 
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-disappearance  of   the  proper  cells  of   the  tissue,  and  is  not 
inflammatory  at  all. 

For  the  strict  proof  of  this  proposition  it  is  necessary  to  show 
that  in  granular  kidney,  etc.,  the  triie  elements  of  the  tissue  are 
first  of  all  affected  by  those  agents  which  are  commonly  accepted 
as  causes  of  the  fibrotic  change.  In  the  case  of  fibrosis  of  the 
heart,  it  has  been  noted  that  the  condition  especially  occurs 
along  with  changes  in  the  coronary  arteries  or  their  branches, 
and  these  changes  lead  to  impaired  nutrition  of  the  myocardium. 
Many  investigators  have  sought  to  determine  the  point  with 
reference  to  the  liver  and  kidney  (especially  the  former),  work- 
ing with  alcohol,  chloroform,  ether,  phosphorus,  etc.  Though 
there  is  divergence  of  result  the  balance  of  evidence  goes  lo  show 
that  these  agents  act  primarily  on  the  cells,  and  that  the  fibrosis 
is  secondary.  In  the  case  of  sclerosis  of  the  nervous  system  it 
has  over  and  over  again  been  shown  experimentally  that  after 
degeneration  of  a  tract,  sclerosis  gradually  takes  place,  and  that 
the  connective  tissue  formed  under  these  conditions  is  formed 
without  the  slightest  trace  of  inflammation. 

In  the  case  of  cirrhosis  of  the  liver,  the  view  that  fibrosis  is 
secondary  has  been  supported  by  Wickham  Legg,  Charcot  and 
Gombault,  Ackermann,  Hamilton,  and  many  others.  Afanas- 
■siew,  working  with  alcohol,  found  that  administration  over  long 
periods  (rabbits,  four  months,  dogs,  nine  months)  leads  to  the 
formation  of  necrotic  foci  in  the  liver,  which  act  as  irritants  to 
the  surrounding  tissue  ;   this  reacts  by  multiplication  of  con- 
nective tissue  cells  and  formation  of  giant-cells,  and  ultimately 
the  focus  is  replaced  by  fibrous  tissue.    Lafitte  found  in  rabbits 
that  alcohol  directly  affects  the  hepatic  cell  and  leads  to  its 
atrophy.    Mertens  found  in  rabbits  caused  to  live  in  an  atmo- 
isphere  containing  vaporised  alcohol,   that  the   liver  shows  a 
marked  increase  of  fibrous  tissue  if  the  animals  live  long  enough 
(a  year),  and  that  in  these  cases  the  liver-cells  are  but  slightly 
altered  ;   when  the  animals  succumb  after  a  few  months  there 
is  no  increase  of  fibrous  tissue,  but  the  liver-cells  are  greatly 
degenerated.    Adami  notes  that  in  cattle  the  infective  disease 
known  as  '  Pictou  disease'  is  accompanied  by  a  condition  of 
the  liver  similar  to  that  found  in  cirrhosis  in  man  ;  probably  in 
this  case  the  irritant  is  a  bacterial  toxin  which  acts  as  a  proto- 
plasmic  poison.    Gerhardt  found  that,  after  ligature  of  the 
bile  duct  in  rabbits,  numerous  necroses  appear  in  the  liver,  which 
are  afterwards  replaced  by  newly  formed  connective  tissue.  And, 
finally,  Hektoen  has  succeeded  in  producing  hepatic  cirrhosis  m 
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wuinea-pigs  with  two  varieties  of  bacillus  which  he  isolated  :  in 
the  acute  cases,  the  hepatic  changes  were  chiefly  degenerative  ;  in 
the  chronic  cases,  chiefly  proliferative. 

On  the  other  hand,  von  Ivahlden  was  unable  to  find  any 
cirrhotic  modification  in  the  livers  of  a  variety  of  animals  to 
which  he  gave  alcohol,  though  he  observed  an  intense  hyper- 
semia.  De  Eechter,  too,  concluded,  from  numerous  experiments- 
on  rabbits  and  dogs,  that  the  hepatic  cells  remain  absolutely 
intact,  except  for  an  atrophy  undergone  by  reason  of  the 
compression  to  which  they  are  subjected  from  contraction  of 
the  connective  tissue  which  is  newly  formed  in  parts  of  the 
lobule. 

It  must  be  confessed,  however,  that  even  the  most  favourable 
of  these  experiments  do  not  finally  dispose  of  the  question,  for 
if  the  '  necrosed  foci,'  '  degenerated  cells,'  &c.,  act  as  '  irritants,' 
one  might  argue  that  they  must  cause  inflammation,  and  there- 
fore that  the  connective  tissue  produced,  even  though  produced 
secondarily,  is  itself  of  an  inflammatory  nature.  If  we  adopt 
Eibbert's  theory  of  hypertrophy,  the  difficulty  vanishes,  for  local- 
ised death  of  the  cells  must  modify  tissue-tension  and  set  free  the 
hitherto  restrained  capacity  of  growth  of  surrounding  cells.  That 
in  this  case  it  should  be  the  connective  tissue  cells  and  not  the 
hepatic  cells  which  proliferate  does  not  constitute  a  difficulty,  for 
we  have  ample  evidence  that  connective  tissue  can  thrive  under 
nutritive  conditions  which  cause  more  delicate  tissues  to  succumb. 
One  argument  against  Eibbert's  theory,  it  may  be  mentioned 
in  passing,  is  that  it  affords  so  easy  an  explanation  of  so  many 
processes  ;  the  more  we  learn  of  pathology,  the  more  we  find  that 
very  simple  explanations  are  liable  to  be  upset  by  later  investi- 
gations. 

It  is  quite  possible,  however,  that  cirrhosis  of  the  liver  has- 
not  one  and  the  same  pathology  in  all  cases.  This  is  the  more 
probable  when  it  is  considered  that,  quite  apart  from  the  inter- 
cellular variety  met  with  in  the  subjects  of  congenital  syphilis, 
two  distinct  forms  of  the  disease  are  known.  In  the  one  the 
liver  is  small  and  nodular ;  in  the  other  the  liver  is  large  and  the 
surface  is  sraooth  or  only  slightly  granular.  Corresponding  to- 
these  macroscopic  difl'erences  to  a  great  though  not  an  absolute 
degree,  there  are  differences  in  the  microscopic  appearances.  In 
the  small  variety  the  fibrous  tissue  is  dense  and  arranged  in  thick 
bands  which  frequently  surround  numerous  lobules ;  in  the  large 
variety  the  fibrous  tissue  shows  a  finer  meshed  overgrowth  and  is- 
also  markedly  arranged  about  the  intrahepatic  bile  ducts.    It  is. 
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the  latter  variety  of  condition  that  is  present  in  the  microbial 
experimental  cases,  and  it  is  quite  possible  that  in  hypertrophic  or 
biliary  cirrhosis  and  in  Hanot's  disease — a  closely  allied  condition 

 the  fibrous  tissue  is  inflammatory  in  the  sense  that  the  entire 

■condition  depends  upon  a  microbial  invasion  of  the  liver  from  the 
intestine  by  way  of  the  bile  passages.  In  the  case  of  the  atrophic 
or  alcoholic  cirrhosis,  in  the  marked  atrophic  cirrhosis  of  young 
•children  which  is  probably  a  post-syphiHtic  change,  and  in  the 
intercellular  cirrhosis  of  congenitally  syphilitic  infants,  such  an 
•explanation  seems  improbable. 

Under  this  heading  may  also  be  mentioned  certain  morbid  con- 
ditions of  bones  and  joints  in  which  it  is  questionable  whether 
inflammation  plays  a  part,  though  such  is  indicated  by  the  names 
given  to  the  affections.  These  are  rachitis  (rickets),  rheumatoid 
.arthritis  or  arthritis  deformans,  osteitis  deformans.  With  them 
may  be  placed  osteo-malacia,  Charcot's  '  arthropathies '  (seen  in 
some  diseases  of  the  nervous  system,  especially  tabes  dorsalis  and 
•syringomyelia),  leontiasis  ossea,  acromegaly  and  Marie's  hyper- 
trophic pulmonary  osteo-arthropathy. 

The  pathology  of  these  conditions  is,  in  most  cases,  very 
obscure.  They  are  nutritive  disorders,  whether  purely  atrophic 
(osteo-malacia),  purely  hypertrophic  (leontiasis,  acromegaly, 
Marie's  osteo-arthropathy),  or  a  combination  of  atrophy  m  some 
places  with  hypertrophy  in  others  (rickets,  rheumatoid  arthritis, 
osteitis  deformans,  Charcot's  arthropathy).  A  few  of  these  con- 
ditions will  be  examined  more  closely. 

In  osteo-malacia  there  is  extreme  thinning  and  softening  oi 
bones.  The  shafts  of  the  femora,  for  example,  may  be  no  thicker 
than  paper,  the  medullary  canal  has  widened  in  diameter,  and  the 
bone  may  be  so  soft  as  readily  to  be  indented  with  the  finger- 
nail. The  condition  is  largely,  but  not  entirely,  one  of  pregnant 
and  suckling  women  ;  in  cases  where  pregnancy  and  lactation  are 
excluded,  onset  of  the  bone-condition  has  often  been  preceded  by 
a  period  of  nervous  or  mental  depression.  Levy  made  chemical 
examination  of  the  femora  in  a  well-marked  case  of  osteo-maiacia. 
He  found  that  the  mineral  salts  of  the  bone  are  diminished  to 
about  one-sixth  of  the  normal,  but  that  the  proportions  ot 
phosphorus  to  lime  and  phosphates  to  carbonates  are  the  same 
is  in  normal  bone.  It  has  been  supposed,  though  on  insuflicien 
grounds,  that  osteo-malacia  depends  upon  an  excessive  f^^'^^^ 
Ltic  acid  in  the  body  which  dissolves  the  inorganic  constituents 
of  bone.  But  apart  from  other  objections  to  this  view,  Levy 
found  that  whereas  normal  bone,  when  immersed  m  1  per  cen  . 
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solution  of  lactic  acid,  loses  more  carbonate  than  phosphate,  this 
is  not  the  case  in  osteo-malacia.  The  process  is  not,  therefore,  a 
decalcification  such  as  is  seen  in  artificial  decalcification  of  bone 
for  histological  purposes,  but  is  a  true  converse  of  ossification  and 
consists  in  the  removal  of  molecules  of  phospho-carbonate  as 
such. 

It  is  doubtful  whether  there  is  not  more  than  one  variety  of 
osteo-malacia.  Gayet  and  Bonnet,  indeed,  recognise  four  varieties, 
viz.  local  traumatic,  local  infective  (after  osteo-myelitis),  senile,  and 
essential,  and  say  that  histologically  they  cannot  be  differentiated 
from  one  another.  Most  authorities,  however,  would  certainly 
not  regard  the  purely  local  softenings  of  bone — particularly  those 
which  are  of  infective  origin — as  examples  of  osteo-malacia.  It 
must  be  noted  in  this  connection  that  Morpurgo  induced  an 
apparently  typical  osteo-malacic  condition  in  white  rats  by  inocu- 
lating them  with  an  unencapsuled  diplococcus  which  he  isolated  from 
another  white  rat.  The  micro-organism  had  a  great  tendency  to 
affect  the  spinal  column,  and,  later,  induced  changes  in  the  bones 
generally,  perhaps  as  the  result  of  vasomotor  changes.  In  these 
experimental  cases,  as  in  some  of  those  occurring  in  man,  the 
strictly  atrophic  changes  were  associated  with  a  fibrous  hyper- 
plasia (osteitis  fibrosa)  in  the  medullary  canal,  and  with  a  certain 
amount  of  periosteal  new-formation  of  bone.  It  is  interesting  to 
note  that  when  an  osteo-malacic  bone  fractures,  repair  takes 
place,  if  at  all,  by  a  new  formation  of  true  bone. 

Rickety  manifestations  are  seen  to  the  most  marked  extent  at 
the  growing  ends  of  bones,  where  they  consist  in  a  hyperplasia 
and  hypertemia  of  periosteum,  a  hyperplasia  of  cartilage,  an 
irregularity  and  greater  width  of  the  line  of  ossification,  a  removal 
of  previously  formed  bone,  and  its  replacement  by  irregtilar  bone 
deficient  in  lime  salts.  But  rickets  does  not  only  affect  bones  : 
liver,  spleen,  muscle,  tendon,  mucous  membrane,  skin,  blood,  all 
share  in  the  disorder,  and  the  frequency  with  which  general  con- 
vulsions, spasmodic  contractions  of  muscle  groups  (as  in  tetany), 
laryngismus  stridulus,  occur  in  rickety  children,  shows  that  the 
nervous  system  is  not  exempt. 

There  is  overwhelming  evidence  that  rickets  must  be  con- 
nected setiologically  with  deficient  supply  or  assimilation  of  certain 
food-constituents.  '  The  chief  and  constant  defect  appears  to 
be  an  insufficient  supply  of  animal  fat,  and  therewith  also,  in 
certain  cases,  a  deficiency  of  earthy  salts  in  the  form  of  phosphates  ; 
at  the  same  time,  if  animal  proteid  be  deficient,  the  disease  is 
intensified'  (Cheadle).    As  to  the  way  in  which  these  faults  in 
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diet  produce  rickets,  it  is  impossible  to  speak.  Deficient  absoqD- 
tion  of  lime  salts,  excessive  production  of  lactic  acid,  and  many 
other  suggestions  have  been  made,  but  they  are  all  more  or  less 
unsatisfactory.  It  is  important  to  note,  hov^ever,  that  semi- 
starvation  does  not  lead  to  rickets ;  a  half-starved  child  or 
animal  is  weak  and  puny,  but  it  is  not  by  any  means  necessarily 
rickety. 

On  the  other  hand,  experiments  on  animals  made  by  feeding 
them  with  food  poor  in  calcium  salts  yield  somewhat  conflicting 
results.  Thus  it  was  found  that  the  lion  cubs  at  the  Zoological 
Gardens  constantly  became  rickety  so  long  as  they  were  given  only 
soft  food  ;  directly  bones  were  included  in  their  diet,  rickets  dis- 
appeared from  the  litters.  But  Miura  and  Stoeltzner  fed  puppies 
on  food  poor  in  calcium,  and  found  that  though  the  changes  in 
the  periosteum  and  in  the  uncalcified  proliferating  cartilage 
presented  undoubted  resemblances  to  those  occurring  in  rickets, 
yet  differences  obtained  in  the  uncalcified  bone  tissue  and  in  the 
provisionally  calcified  cartilage  so  marked  that  they  unhesitatingly 
denied  that  the  change  was  truly  rickety. 

The  manifestations  of  rickets  are  seen  from  the  age  of  about 
nine  months  to  that  of  three  years  with  the  greatest  frequency, 
though  the  effects  of  the  disease  persist  into  adult  life.  The 
question  has  been  raised  as  to  whether  rickets  can  be  contracted 
in  utero  ;  and  though  it  is  generally  agreed  that  there  is  no  such 
condition  as  '  foetal  rickets,'  it  is  allowed  that  rarely  the  disease 
may  be  congenital.  Such  changes  of  the  foetal  skeleton  as  were 
formerly  considered  to  be  rickety  are  now  recognised  to  be  for 
the  most  part  syphilitic.  Another  debated  question  concerns 
'  scurvy  rickets.'  This  rare  condition  is  characterised  principally  by 
the  occurrence  of  large  sub-periosteal  haemorrhages.  Whether  it 
is  a  distinct  disease,  or  whether  it  is  a  combination  of  scurvy  and 
rickets,  is  uncertain.  Sometimes  the  bones  in  scurvy  rickets  are 
the  seat  of  numerous  fractures.  A  similar  tendency  to  fracture 
obtains  in  ordinary  rickets,  and  then  the  fractures  are  often  of  the 
'  greenstick '  variety. 

Arthritis  deformans  in  its  multitudinous  varieties  and  Charcot's 
arthropathy  may  be  considered  together,  for  the  changes  to  which 
they  lead  "are  very  similar,  if  not,  in  the  early  stages,  quite 
identical.  These  changes  affect  joints  and  the  bone  in  their 
neighbourhood.  They  consist  in  atrophy,  degeneration,  and  dis- 
appearance of  articular  cartilage,  and,  to  a  certain  extent,  of  bone, 
together  with  a  synchronous  formation  of  new  and  dense  bone 
in%he  immediate  "neighbourhood  of  the  joint  and  great  hyper- 
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trophy  of  the  synovial  fringes.  The  changes  are  Hke  and  yet 
unlike  those  seen  in  true  inflammation  of  joints  and  bone,  and  it 
is  here  just  as  difficult  to  determine  whether  we  are  deaUng  with 
a  chronic  inflammation  or  not,  as  it  was  in  the  case  of  cirrhosis 
of  the  Hver,  chronic  granular  kidney,  and  those  other  conditions 
which  we  have  determined  to  smii  up  under  the  name  '  chronic 
fibrosis.' 

In  the  case  of  Charcot's  arthropathy,  since  the  joint  affection 
is  undoubtedly  associated  with  severe  nervous  lesions,  it  has  been 
suggested  that  the  change  is  '  trophic,'  and  evidence  that  the 
nervous  system  controls  nutrition  of  joints.    And  in  the  case  of 
rheumatoid  arthritis,  it  is  certain  that  depressing  mental  and 
bodily  causes  play  an  important  part,  while  it  is  equally  certain 
that  those  joints  suffer  earHest  and  most  severely  which  have 
been  most  constantly  exercised  in  the  patient's  calling  ;  in  this 
respect  the  disease  having  much  in  common  with  such  diseases 
as  writer's  cramp,  hammerman's  palsy,  &c.    So  that  the  idea 
suggests  itself  that  the  joint  and  bone  changes  in  rheumatoid 
arthritis  may  be  '  trophic  '  also  in  the  same  sense.    But  Schiiller, 
Bannatyne,  Wohlmann  and  Blaxall,  Poynton  and  Paine,  and 
other  authors,  have  described  micro-organisms  which  they  have 
found  in  the  joints  of  patients  suffering  from  arthritis  deformans, 
and  which  they  regard  as  the  cause  of  the  disease,  and  it  may 
well  be  that  Charcot's  arthropathy  is  induced  by  some  irritant, 
whether  bacterial  or  not,  which  would  be  without  effect  but  for 
the  relatively  anesthetic  condition  of  the  joint.    It  is  impossible, 
therefore,  to  decide  with  certainty  whether  the  two  conditions 
are  similar  in  pathology,  or  whether  they  are  entirely  different, 
and  if  similar,  whether  both  are  essentially  '  trophic  '  or  both 
essentially  inflammatory.    Probably  the  truth  lies  in  an  inter- 
mediate  position.    Garrod   has   already   insisted   that  several 
conditions  which  can  be  differentiated  clinically  are  grouped 
under  the  one  name  of  arthritis  deformans,  and  it  is  quite  possible 
that  certain  of  these  are  of  microbial  origin  and  inflammatory, 
whereas  others  may  be  nervous  like  the  arthropathies,  and  yet 
others  more  akin  to  simple  senile  changes. 

In  the  case  of  Marie's  osteo-arthropathy,  so  little  is  known 
concerning  the  condition,  that  we  are  not  yet  in  a  position  to 
discuss  its  pathology  :  Marie  conjectures  that  the  condition  is 
caused  by  absorption  of  some  toxic  substance  from  diseased 
pulmonary  tissues;  Thorburn,  that  it  is  really  tuberculous. 
Leontiasis  ossea  and  osteitis  deformans  are  equally  obscure 
in  pathology.     Acromegaly  will  be  considered  later  and  in 
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connection  with  the  internal  secretions  ;  in  this  disease  the  pitui- 
tary body  is  ahiiost  always  found  to  be  altered. 

In  many  of  the  conditions  of  bones  and  joints  that  have 
been  mentioned  here,  it  will  be  noted  that  structural  or  func- 
tional modification  of  nerve-matter  is  present.  Whether  it  will 
ultimately  be  shown  that  all  these  conditions  are  '  trophic '  in 
the  sense  that  they  immediately  depend  upon  some  derangement 
in  nutrition  brought  about  by  way  of  the  nervous  system,  it  is 
impossible  to  say.  The  important  point  to  remember  is  that 
they  bear  closer  relationship  to  the  nutritive  disorders,  necrosis, 
degeneration,  atrophy,  hypertrophy,  than  they  do  to  true  inflam- 
mation. True  inflammation  of  bones  and  of  joints  is  known, 
both  in  the  acute  and  in  the  chronic  form,  but  there  are  differences 
between  even  the  most  chronic  inflammation  of  a  bone  or  joint 
and  the  conditions  discussed  above. 

V.  The  New-growths.— (i)  Definition.— Though  it  is  im- 
possible to  frame  a  definition  of  the  new-growths  which  shall  be 
above  criticism,  a  definition  of  some  kind  is  convenient ;  we 
shall  adopt  that  of  Ziegler.  '  A  neoplasm  or  tumour  is  a  new 
formation  of  tissue  which  is  atypical  in  structure,  which  sub- 
serves no  useful  purpose  to  the  whole  economy,  and  the  growth 
of  which  has  no  typical  termination.' 

In  this  definition  the  expression  '  new  formation  of  tissue  ' 
excludes  formations  such  as  '  retention '  and  '  exudation  '  cysts, 
which  are  '  swellings,'  and  therefore  etymologically  should  be 
included  among  the  tumours,  but  which  are  by  most  authors 
excluded  from  the  group.  Insertion  of  the  attribute  '  atypical ' 
eliminates  the  generalised,  but  not  the  localised,  hypertrophies, 
for  these  latter  may  under  certain  circumstances  constitute  true 
tumours.  The  fact  that  a  new-growth  '  subserves  no  useful 
purpose  '  is  of  great  importance,  not  onlj^  by  reason  of  the  direct 
statement  itself,  but  because  it  makes  certain  further  exclusions  : 
it  excludes,  for  example,  from  the  tumours,  provisional  callus 
formed  during  repair  of  the  bone,  however  voluminous.  And 
lastly,  the  statement  that  the  growth  of  a  tumour  has  no  '  typical 
termination '  suffices  to  separate  the  tumours  from  all  swellings 
of  inflammatory  origin  and  especially  from  the  '  infective  granulo- 
mata  '  or  '  infective  tumours  '  (Cohnheim),  which  are  tumour-hke 
but  are  built  up  of  granulation  tissue  and  are  therefore  '  inflam- 
matory.' 

(ii)  Modes  of  Classification.— Virchow  divided  the  new- 
growths  into   three  classes,  histioid,  organoid,  teratoid.  The 
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histioid  tumours  corresponded  with  one  simple  histological  tissue  ; 
orcranoid  tumours  had  a  more  complicated  structure,  being  built 
np^of  several  types  of  tissue— in  a  modified  sense  they  corresponded 
to  definite  organs  of  the  body  ;  teratoid  tumours  were  still  more 
comphcated  in  that  they  were  built  up  of  whole  systems  of 
tissues,  though  imperfectly  developed.  The  class  of  teratoid 
tumours  is  still  recognised:  it  is  largely,  but  not  completely, 
constituted  of  the  '  dermoid  cysts.'  Use  of  the  terms  '  histioid ' 
and  '  organoid '  has,  however,  largely  been  discontinued,  because 
Virchow's  distinction  between  the  two  classes  of  tumour  is 
not  a  real  one— the  simplest  fibroma  is  complex  in  that  it 
contains   some   blood-vessels    besides    its    constituent  fibrous 

tissue.  , 

New-growths  have  also  been  described  as  '  homologous  and 
'heterologous.'  By  these  terms  are  meant,  respectively,  condi- 
tions in  which  a  tumour  occurs  in  tissue  of  like  kind  with  itself, 
or  occurs  in  a  tissue  unlike  itself  ;  thus  a  fibroma  growing  from 
tendon  is  homologous,  an  enchondroma  growing  in  the  parotid 
gland  or  testis  is  heterologous. 

Far  more  important  is  the  division  of  tumours  into  two  great 
classes  according  as  they  arise  from  (a)  mesoblastic,  or  (b)  epi-  or 
hypoblastic  structures ;  for  it  is  found  that  certain  characteristics 
distinguish  the  two  groups.  Better  perhaps  than  this  division, 
owing^to  the  present  uncertainty  with  regard  to  the  embryological 
origin  of  many  structures  of  the  body,  is  a  distinction  of  tumours 
into  those  of  the  connective  tissue  type  and  those  of  the  epithelial 
tj^e.  Though  such  a  division  does  not  include  a  few  varieties  of 
.tumour,  it  embraces  the  great  majority. 

Upon  the  whole  the  classification  given  on  the  next  page  seems 
the  most  convenient,  and  sums  up  the  facts  fairly  well. 

The  clinician  has  divided  the  new-growths  into  non-mahg- 
nanti  and  maUgnant,  a  mode  of  separation  of  vast  practical 
importance.  The  criteria  of  malignancy  are  essentially  two: 
(1)  tendency  to  spread  locally,  (2)  tendency  to  form  metastases 
or  secondary  growths  at  a  distance.  From  these  criteria  follow 
other  characteristics  of  the  two  groups. 

(a)  The  non-malignant  tumours  are  encapsuled,  the  malig- 
nant tumours  have  no  capsule.  This  statement  is  generally  true, 
but  there  are  certain  exceptions :  a  fatty  tumour,  for  example,  is 

'  Non-malignant  growths  are  sometimes  spoken  of  as  'benign'  or  'innocent.' 
But  to  call  any  pathological  condition  '  benign  '  the  height  of  euphemism,  and  to 
call  a  tumour  '  innocent '  when  it  may  lead  to  dea..:  owing  to  the  pressure  which  it 
exerts,  or  because  it  takes  on  malignant  characteristics,  is  at  least  optimistic. 
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Classification  of  New-Growths 


1  Type 

Origin 

Typical  and 
non-uiiilignaut 

Atypical  and  malignant 

Epithelia 

Epiblast 
Hypoblast 

Callosity.  Keratoma 
Papilloma  of  skin 
Papilloma  of  intes- 
tine 

Carcinoma 
S(}uamous 
Columnar 
Spheroidal 

i  Connective 
1  tissues 

Meso  blast 

Fibroma.  Myxoma. 

Lipoma 
'  False  neuroma ' 
Chondroma 
Osteoma.  Exostosis 
Odontoma 
Angeioma 

Capillary 

Venous 

Lymphatic 
Glioma 

Sarcoma 

Kound  cell 

Spindle  cell 

Oat  cell 

Irregular  cell 

Myeloid  (giant  cell) 

Pigmented  (mela- 
notic, chloroma) 

Alveolar 

Psammoma 
Endothelioma 

Muscles 

Mesoblast 

Striated 

(rhabdo-myoma) 
Unstriated 

(leio-myonia) 

Sarcoma 

Nerves 

Mesoblast 



Neuroma 

Sarcoma 

Gland 

Secreting  (Epiblast, 
Hypoblast) 

Lymphatic  (Meso- 
blast) 

Adenoma 

Lymphoma,  lymph- 
adenoma 

Adeno-carcinoma 
Spheroidal 
Columnar 

Lympho-sarcoma 

essentially  non -malignant,  but  it  is 'not  invariably  circumscribed, 
'  diffuse  '  lipomata  being  known. 

(b)  The  non-malignant  tumours  grow  slowly,  the  malignant 
tumours  grow  rapidly.  This  statement  again  is  only  generally 
true :  it  depends  upon  the  relative  richness  in  cells ;  a  scirrhus 
of  the  breast,  though  undoubtedly  malignant,  grows  slowly  and 
may  never  reach  any  considerable  size.  The  slowness  of  growth 
in  the  case  of  non-mahgnant  tumours  is  the  chief  cause  of  their 
encapsulation,  and  the  more  slowly  the  tumour  grows  the  more 
dense  its  capsule. 

(c)  The  non-malignant  tumours  do  not  recur  after  removal, 
the  malignant  tumours  tend  to  recur  locally.  These  character- 
istics obviously  depend  upon  the  question  whether  the  growth  is 
circumscribed  or  not,  for  local  recurrence  after  removal  simply 
means  that  a  portion  of  the  growth  has  been  left  behind.  Com- 
plete removal  of  a  non-malignant  fibro-adenoma  of  the  breast  is 
easily  possible,  whereas  a  malignant  growth  in  the  same  gland 
extends  far  beyond  the  obvious  limits. 
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{d)  Non-malignant  growths  are  usually  single,  malignant 
growths  usually  multiple.  This  depends  upon  the  fact  that 
malignant  growths  form  metastases.  Nevertheless,  here  again 
we  meet  with  exceptions ;  cutaneous  fibromata,  exostoses,  uterine 
fibro-myomata  are  non-malignant  growths,  and  yet  they  are  fre- 
quently— even  generally — multiple,  whereas  '  rodent  cancer '  is 
only  locally  malignant  and  therefore  is  single,  and  the  myeloid 
sarcomata  but  rarely  form  secondary  growths.  When  non- 
malignant  tumours  are  multiple,  they  only  involve  one  system 
of  tissue ;  thus  in  the  examples  given  above  they  affect  true  skin, 
bone,  uterine  muscle  respectively ;  this  is  not  the  case  with  the 
maUgnant  tumours. 

(e)  Non-mahgnant  tumours  do  not  endanger  life  except  by 
reason  of  their  size  and  pressure  effects;  maHgnant  tumours 
disturb  general  health  and  ultimately  lead  to  death.  These 
characteristics  depend  upon  several  factors.    The  non-malignant 
tumour  displaces  tissues,  and  such  destruction  as  occurs  is  due  to 
a  pressure  atrophy  which  is  relatively  slow  because  growth  of  the 
tumom-  is  relatively  slov/.    The  malignant  tumour,  on  the  other, 
hand,  by  its  relatively  rapid  growth,  leads  to  a  greater  destruction 
of  tissue  locally,  and  to  a  greater  extent  deprives  other  tissues  of 
nutriment  owing  to  the  amount  which  it  diverts  for  its  own  use. 
Important  in  this  connection  is  the  observation  of  Brault.  He 
found  that  the  amount  of  glycogen  present  in  a  tumour  stands 
in  direct  ratio  to  the  rapidity  of  its  growth,  so  that  soft  and 
cellular  tumours  are  "very  rich  in  glycogen.    In  the  case  of  a 
large  tumour,  he  found  that  the  percentage  amount  of  glycogen 
far  exceeded  the  amount  present  in  the  liver  of  animals  or  of 
criminals  killed  in  full  digestion,  and  was  only  comparable  with 
the  amount  present  in  the  tissues  in  the  early  days  of  foetal  life. 
It  is  possible,  too,  that  the  metabolic  products  of  mahgnant 
growths  may  be  deleterious  to  the  body,  though  of  this  we  have 
at  present  no  evidence  ;  reference  here  is,  of  course,  not  made  to 
absorption  of  toxic  substances  formed  during  putrefaction  of 
portions  of  the  new-growth. 

(iii)  Histolog-ical  Characters  of  New-growths.— The  non- 
malignant  tumours  are  all  composed  of  tissues  for  which  some 
counterpart  exists  in  normal  extra-uterine  life.  They  may  be 
built  up  of  elements  belonging  to  the  connective  tissues  (or  more 
accurately  of  mesoblastic  elements)  alone,  or  epithelial  elements 
may  enter  into  and  form  a  fundamental  portion  of  their  constitu- 
tion. Thus  we  may  have  a  tumour  formed  of  fibrous  tissue 
(fibroma),    of   cartilage    (chondroma,   enchondroma),   of  bone 
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(osteoma,  exostosis),  of  fibrous  tissue  containing  fat  (lipoma),  of 
mucoid  tissue  similar  to  the  Whartonian  jelly  of  the  umbilical 
cord  (myxoma),  of  blood-vessels  (angeioma),  of  lymphatics  (lymph- 
angeioma),  of  neuroglia  (glioma).  '  We  may  have  a  tmnour 
formed  of  unstriped  muscle  fibres  (leiomyoma),  or  of  striated 
muscle  fibre  (rhabdomyoma),  of  nerves  (neuroma^).  From  all 
of  these,  epithelial  elements  are  absent.  Then  we  may  have 
tumours  mainly  consisting  of  heaped-up,  hardened,  and  altered 


Fic).  21. — Section  of  a  H;emangeioma.    x  60. 


To  show  the  neoplastic  growth  of  endothelial  cells  which  characterises  the 
hcemangeioma.  The  growth  itself  consists  of  innumerable  newly-formed 
blood-vessels  of  which  the  walls  are  composed  of  endotheliomatous  tissue. 

epidermal  cells  (keratoma,  cutaneous  horns),  or  tumours  into  the 
composition  of  which  fibrous  tissue  and  epithelial  cells  enter. 
Here  the  epithelium  may  be  squamous  (cutaneous  papilloma 
or  wart),  columnar  (as  in  rectal  and  other  intestinal  polypi) r 
or  spheroidal  (adenoma).     In  all  these  cases  the  constituent 

Most  neuromata  are  falsely  so  called,  being  really  nothing  but  fibromata  involv- 
ing nerve  trunks ;  in  rare  instances  true  neuromata  are  found.  The  best  examples  ot 
true  neuromata  occur  in  the  bulbous  enlargements  of  nerves  seen  in  an  amputation 
stump. 
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elements  resemble  more  or  less  closely  the  same  elements  in 
the  normal  extra-uterine  hody. 

The  malignant  tumours,  on  the  other  hand,  are  composed  of 
cells  for  which  the  counterpart  exists  in  embryonic  life  alone. 
Here  again  they  may  be  built  up  of  elements  belonging  to  the 
connective  tissue  group  (sarcoma,  endothelioma),  or  may  be 
composed  mainly,  though  not  entirely,  of  epithehum  (carcinoma, 
true  cancers). 


\ 


%  tell  -  J^i 


Fig.  22.— Section  of  a  Lv-aiphangeioma.     x  480. 

The  tumour  consists  of  lymph  spaces  of  large  and  irregular  shape,  in  which 
the  albuminous  contents  have  been  precipitated  during  preparation  of 
the  specimen.  The  dividing  walls  are  composed  of  neoplastic  endothelial 
cells  with  characteristic  oval  nuclei.  On  comparison  with  fig.  21  the 
fundamental  similarity  of  the  two  types  of  endothelioma  will  be  evident. 

Sarcomata  are  described,  according  to  the  shape  of  the  cells 
composing  them,  as  large  or  small  round-cell  sarcomata,  large  or 
small  spindle-cell  sarcomata,  oat-cell  sarcoma,  mixed-cell  sarcoma. 
Sarcomata,  in  which  giant-cells  are  present,  are  known  as  myeloid 
sarcomata,  those  in  which  the  constituent  cells  or  some  of  them 
contain  pigment  are  known  as  melanotic  sarcomata.  Cceteris 
paribus,  the  smaller  the  cell,  the  more  malignant  the  growth, 
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and  vice  versa.  Exception,  however,  must  always  be  made  of 
the  melanotic  sarcoma,  for  whether  composed  of  large  or  of  small 
cells,  its  malignancy  is  intense,  owing  to  the  rapidity  with  which 
secondary  growths  occm*  in  this  variety ;  locally  they  are  far  less 
malignant  than  many  other  varieties  of  sarcoma.  Since  a 
sarcoma  cell  is  essentially  a  cell  belonging  to  the  connective 
tissue  group,  it  forms  or  tends  to  form  a  tissue  which  shall  lie 
between  the  individual  cells,  whether  that  be  fibrous  tissue, 
cartilage,  or  bone.  This  constitutes  an  essential  difference  between 
the  sarcomata  and  the  carcinomata  ;  for  in  the  carcinomata  no 
intervening  substance  is  present  between  the  constituent  epithelial 
cells.  In  this  respect  endotheliomata  hold  a  unique  position,  for 
though  they  are  generally  classed  with  the  sarcomata  in  ac- 
cordance with  the  belief  that  they  are  of  mesoblastic  origin,  they 
show  no  inter-cellular  substance,  and  therefore  resemble,  in  this 
point,  the  carcinomata. 

Carcinomata  are  described  according  to  the  character  of  the 
epithelial  cells  of  which  they  are  composed.  Thus  we  meet  with 
squamous  cell  carcinoma,  columnar  cell  carcinoma,  spheroidal 
cell  carcinoma  (adeno-carcinoma  or  malignant  adenoma).  Ac- 
cording to  the  primary  seat  of  the  carcinoma,  so  will  be  the 
nature  of  the  epithelium  of  which  it  is  composed  :  a  carcinoma  of 
the  lip  or  anus  is  built  up  of  squamous  cells ;  if  of  the  intestine,  it 
consists  of  columnar  cells ;  while  in  the  breast  (if  it  involves  the 
true  gland  substance)  will  be  found  a  spheroidal  cell  carcinoma. 

The  new-growths  show  many  intermediate  forms.  Thus  a 
leiomyoma  is  never  composed  of  unstriped  muscle  fibres  alone, 
a  certain  amount  of  fibrous  tissue  is  always  present,  and  in  some 
cases  it  may  preponderate  to  so  great  an  extent  that  the  clinical 
term  '  uterine  fibroid  '  is  amply  justified.  Intermediate  forms  are 
known  as  fibro-myomata.  So,  too,  we  have  fibro- adenoma,  lipo- 
myxoma,  myxo-chondroma,  fibro-myxo-chondro-adenoma  (paroti- 
dean  tumour),  &c. ;  indeed,  it  is  far  more  common  to  meet  with 
compound  forms  than  with  simple  forms  of  tumour.  We  shall 
not  enter  into  the  vexed  question  whether  tumours  exist  midway 
between  the  sarcomata  and  carcinomata  {sarcoma  carcinomatodes, 
carcinoma  sarcomatodes) . 

When  a  non-malignant  tumour  becomes  malignant,  it  mam- 
tains  its  essential  type.  Thus  a  fibroma  becomes  sarcomatous, 
not  carcinomatous  ;  a  papilloma  becomes  carcinomatous,  not  sar- 
comatous ;  a  non-mahgnaht  adenoma  of  the  breast  becomes  a 
carcinoma  of  the  breast,  and  not  a  sarcoma.  This  rule  is  strict, 
and   apparent   exceptions   may  generally  be  explained.  This 
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'  breeding  true '  of  the  tumours  is  even  better  seen  in  the  case 
of  metastatic  growths;  if  a  squamous  cell  carcinoma  forms 
secondary  growths  in  the  liver,  squamous  cells  are  found  in  the 
hepatic  nodules  and  not  spheroidal  cells  ;  similarly,  if  a  columnar 
cell  carcinoma  forms  secondary  growths  in  the  liver,  columnar 
cells  are  found  in  the  hepatic  nodules.  So  also  if  a  myeloid 
sarcoma  forms  secondary  growths  in  the  heart,  giant-cells  occur 
here  as  in  the  primary  tumour.  Nevertheless,  in  the  case  of 
sarcomata,  differences  referrible  to  the  rate  of  growth  may  be 
observed ;  thus  the  primary  growth  may  consist  of  large  spindle 
cells,  secondary  growths  of  small  spindle,  or  even  round,  cells. 
But  'when  the  primary  growth  consists  of  small  cells,  secondary 
growths  never  consist  of  large  cells,  nor  if  the  primary  growth 
consists  of  round  cells  are  secondary  growths  ever  found  to 
consist  of  spindle  cells. 

(iv)  Nutritional  Changes  underg-one  by  New-growths.— 
The  new-growths  are  very  Hable  to  undergo  certain  of  the 
nutritive  changes  that  have  already  been  described  in  this 
chapter.  Thus,  the  cells  may  undergo  atrophy,  fatty  degenera- 
tion, or  colloid  change,  the  stroma  may  undergo  the  mucoid 
change,  or  parts  of  the  whole  tumour  may  undergo  local  necrosis 
with  disintegration  ('ulceration'),  or  calcification.  These  changes 
principally  affect  the  central  portions  of  a  growth,  owing  to  its 
more  hmited  blood-supply  ;  but  ulceration,  of  course,  implies  a 
superficial  change,  and  occurs  when  the  new-growth  has  involved 
either  the  skin  or  a  mucous  membrane. 

Atrophy  of  cells  is  well  seen  in  the  case  of  a  hard  cancer  of 
the  breast  (scirrhus).    The  fibrous  tissue  which  surrounds  the 
masses  of  (cancerous)  epithehal  cells,  increases  in  density,  con- 
tracts, and  causes  pressure  atrophy  of  the  cells,  with  the  result 
that,  however  cellular  the  peripheral  portions  of  such  a  cancer 
may  be,  and  however  cellular  the  central  portion  may  originally 
have  been,  the  central  portion  ultimately  comes  to  consist  of 
little  more  than  dense  fibrous  tissue.    The  colloid  change  is 
chiefly  seen  in  carcinoma  of  the  stomach,  pancreas,  intestine,  and 
peritoneum;  as  a  rule  the  change  is  present  in  the  peripheral 
portions  of  the  tumour  as  well  as  in  the  central  portions.  The 
colloid  change  being  one  that  affects  epithelium,  it  is  of  course 
absent  from  the  sarcomata,  in  this  respect,  differing  from  the 
mucoid  change  which  affects  connective  tissues  and  their  cells, 
and  which  therefore  is  especially  liable  to  occur  in  sarcomata. 
Calcification  occurs  principally  in  hard  fibromata,  and  especially 
in  fibro-myomata  of  the  uterus  ;  so  gi-eat  an  amount  of  the 
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calcium  salts  may  be  deposited  in  a  uterine  fibroid  that  it  is  quite 
impossible  to  cut  it  with  a  knife.  An  important  change  of  a 
different  kind,  but  one  that  may  be  mentioned  here,  is  that 
brought  about  by  haemorrhage.  In  any  rapidly  growing  tumour, 
but  especially  in  the  soft  sarcomata  owing  to  the  embryonic 
characters  of  their  blood-vessels,  haemorrhage  may  occur.  As  a 
result  the  tumour  may  be  converted  into  a  fluctuating  swelling 
which  at  times  it  is  impossible  to  distinguish  macroscopically 
from  a  true  haematoma  or  blood-cyst. 

This  brief  exposition  of  the  characters  of  new-growths  must 
suffice.  We  must  now  turn  to  their  pathogenesis,  and  shall  at 
once  note  a  difference ;  for  whereas  much  is  known  concerning 
the  pathological  anatomy  and  the  clinical  characters  of  the  new- 
growths,  nothing  is  known  with  certainty  concerning  their 
pathogenesis.  At  present  we  are  obliged  to  content  ourselves 
with  theories. 

(v)  Pathog-enesis  of  the  New-gfrowths. — Leaving  on  one  side 
theories  which  referred  the  astiology  of  tumours  to  such  vague 
conditions  as  morbid  states  of  the  blood  &c.  we  have  to  consider 
seven  distinct  hypotheses  that  have  been  put  forward  to  explain 
the  pathogenesis  of  new-growths.  They  may  be  shortly  described 
by  the  following  titles  : 

1.  The  theory  of  spermatic  influence. 

2.  The  theory  of  traumatic  causation,  or  causation  by 

mechanical  irritants. 
8.  The  theory  of  embryonic  remnants  (Cohnheim). 

4.  The  parasitic  or  infective  theory. 

5.  The  theory  of  anaplasia  (Hansemann). 

6.  The  theory  of  growth-liberation  (Ribbert), 

7.  The  '  habit  of  growth  '  theory  (Adami). 

(1)  Theory  of  Spermatic  Influence. — By  this  theory  it  was 
assumed  that  the  normal  tissue  of  a  part  in  which  a  growth 
occurs  has  become  directly  converted  into  the  tissue  of  the 
tumour.  Here  we  have  an  extension  of  the  process  known  as 
'  metaplasia  '  or  conversion  of  one  kind  of  cell  into  another.  But 
the  extension  is  unwarrantable.  It  is  true  that  cells  of  a 
columnar  epithelium  may,  if  exposed  to  irritation,  take  on 
characters  very  similar  to  those  of  squamous  cells ;  this  occurs, 
for  example,  when  the  uterus  becomes  inverted  and  prolapsed 
into  the  vagina.  It  is  true  that  cartilage  or  fibrous  tissue  may 
become  converted,  on  the  one  hand,  into  mucoid  tissue,  or,  on  the 
other  hand,  into  a  tissue  more  or  less  closely  resembHng  true 
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bone.  But  these  are  the  limits  of  metaplasia,  and  there  is  not 
the  shghtest  evidence  that  an  epithelial  cell,  for  example,  can 
become  converted  into  a  connective  tissue  cell,  or  a  connective 
tissue  cell  into  an  epithelial  cell.  In  fact  there  is  the  strongest 
evidence  to  the  contrary. 

But  even  if  we  were  able  to  grant  this  proposition,  we  should 
only  thus  be  able  to  explain  the  extension  of  a  new-growth  ;  we 
should  still  be  ignorant  as  to  the  origin  of  the  first  cells  which 
exerted  the  spermatic  influence.  Here  the  theory  of  spermatic 
influence  leaves  us  helpless. 


Fig.  23. — Metapl.\sia  of  Liveb-cells.     x  300 

The  specimen  shows  a  great  alteration  of  the  form  and  characters  of  liver- 
cells  and  of  hepatic  structure  generally  in  the  neighbourhood  of  seconda,ry 
nodules  of  a  carcinoma.  So  far  as  could  be  determined  macroscopically, 
the  region  whence  the  specimen  was  taken  was  perfectly  normal ;  never- 
theless the  appearance  of  the  cells  is  very  similar  to  that  seen  in  some 
cases  of  primary  spheroidal  cell  carcinoma  of  the  liver. 

(2)  Theorij  of  Traumatic  Causation  or  Causation  by  Mechani- 
cal Irritation.— This  theory  is  highly  important ;  to  it  Virchow 
gave  the  greatest  measure  of  his  support.  It  makes  use  of  the 
fact  that  new-growths  are  known  to  supervene  in  parts  which 
have  previously  been  subjected  to  injury  or  chronic  irritation. 
The  observations  upon  which  it  is  founded  may  be  illustrated 
by  the  following  examples.  Chronic  irritation  occurrnig  m  heal- 
ing of  a  wound  with  suppuration  may  lead  to  the  appearance  of 
multiple  fibromata  ;  neuromata  are  commonly  seen  on  the  ends 
of  nerves  involved  in   an  amputation  stump;  chimney-sweeps 
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sometimes  suffer  from  scrotal  cancer  owing  to  chronic  irritation  of 
the  parts  about  the  groin  by  soot ;  workers  with  paraffin  and  tar 
are  apt  to  suffer  from  squamous  carcinoma  on  the  arms  ;  cancer 
is  liable  to  affect  such  parts  as  the  lip  in  persons  who  habitually 
smoke  clay  pipes,  and  the  tongue,  when  it  has  been  irritated  or 
lacerated  by  a  broken  or  jagged  tooth  ;  cancer  is  liable  to  affect 
the  breast,  the  CBSophagus  where  it  is  crossed  by  the  bronchus, 
the  cardiac  and  pyloric  ends  of  the  stomach,  the   lower  end 


Fio.  24.— Inflammation  caused  iiy  a  New-orowth.    x  60. 


From  a  specimen  of  siinamous-ceil  carcinoma  of  the  tongue.  Over  the  lower 
halt  of  the  figure  the  processes  of  carcinoma  cells  can  be  recognised,  and 
between  them  small  agglomerations  of  leucocytes.  The  upper  half  of  the 
figure  shows  a  condition  of  fairly  acute  glossitis. 

of  the  rectum,  all  of  which  are  regions  especially  liable  to  chronic 
irritation. 

Cohnheim  criticised  this  theory  very  severely,  and  in  some 
respects  unjustly.  He  rightly  pointed  out  that  a  previous  history 
of  injury  can  only  be  obtained  in  about  14  per  cent,  of  cases  m 
which  new-growths  exist,  and  that  this  tacitly  implies  that  in  86 
per  cent,  of  cases  no  injury  can  be  inculpated.  Moreover,  if  cases 
in  which  injury  has  been  received  were  taken  as  the  basis  of 
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calculation,  the  number  in  which  that  injury  has  been  followed  by 
a  new-growth  would  form  a  much  smaller  percentage.  His 
criticisms  were  fair,  that  new-growths  are  very  uncommon  on 
the  hands  and  feet,  which  are  parts  extremely  liable  to  injury, 
and  that  in  the  case  of  the  breast,  the  nipple,  which  is  much 
exposed  to  injury,  is  a  rare  seat  of  new-growth,  whereas  the  gland 
itself,  which  is  less  exposed  to  injury,  is  frequently  affected.  But, 
on  the  other  hand,  helcan  hardly  be  held  justified  in  denying,  as 
he  did,  that  neuromata  after  amputation,  that  scrotal  cancer  and 


Fig.  2-5.— Section  of  a  Eodent  Cancer  befobe  Treatment  by  X-rays,  x 

The  specimen  shows  a  rodent  cancer  of  the  ordinary  kind.    To  be  com- 
pared with  fig.  26. 


the  cancer  of  workers  in  paraf&n  and  tar,  that  the  cancer  which 
develops  sometimes  at  the  base  and  out  of  a  chronic  ulcer,  are 
true  tumours,  and  in  brushing  aside  the  undoubted  support  which 
they  give  to  the  theory  of  mechanical  irritation. 

Nevertheless,  it  must  not  be  forgotten  that  local  traumatism 
and  mechanical  irritation  may  not  be  tetiological  factors,  but 
powerful  adjuvant  factors.  This  is  the  view  which  is  generally 
held  at  the  present  day. 

It  must  also  be  noted  that  new-growths  may  act  as  irritanti> 
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and  induce  true  inflammation  in  the  surrounding  structures. 
The  latter  point  is,  obviously,  independent  of  the  pathogenesis  of 
the  new-growth  itself.  The  action  of  X-rays  upon  a  rodent 
cancer  presents  a  result  that  is  in  many  respects  the  converse  of 
that  which  has  just  been  mentioned.  In  this  case  the  inflam- 
mation of  the  tissues  leads  to,  or,  at  all  events,  is  associated  with 
nutritional  changes  in  the  epithelium  of  the  new-growth. 


Fig.  26.— Section'  of  a  Rodent  Cancer  after  Treatment  by  X-rays,    x  60. 

From  the  same  case  as  Fig.  25  after  live  weeks'  treatment.  The  processes 
of  epithelial  cells  are  much  less  easily  recognised,  and  the  tissues  appear 
to  be  rather  in  a  condition  of  chronic  inflammation  than  the  seat  ot 
malignant  new-growth.  The  increase  in  the  amount  of  fibrous  tissue, 
and  particularly  of  fibroblasts,  is  very  marked. 

(8)  Theory  of  Emhryonic  Remnants.— Them  is  no  more  fasci- 
nating chapter  in  Cohnheim's  '  Lectures  on  General  Pathologj^ ' 
than  that  in  which  he  unfolds  his  doctrine  of  embryonic  remnants 
for  the  explanation  of  new-growths.  Cohnheim  assumed  that, 
'in  an  early  stage  of  embryonic  development,  more  cells  are 
produced  than  are  required  for  building  up  the  part  concerned,  so 
that  there  remains  unappropriated  a  quantity  of  cells— it  may  be 
very  few  in  number— which,  02oing  to  their  embryonic  character, 
are  endowed  with  a  marked  capacity  for  proliferation.'    By  this 
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assumption  he  explained  the  hereditary  transmission  of  new- 
growths,  the  congenital  appearance,  or  appearance  in  the  first 
years  of'  Hie,  of  some  kinds  of  tumour,  the  atypical  structure  of 
new-growths',  their  absence  of  function,  their  persistence,  the 
seatslit  which  many  of  them  are  found.  He  explained  thereby 
the  fact  that  tumours  may  consist  of  any  kind  of  tissue,  in  any 
degree  of  complexity;  for  according  to  the  earliness  or  lateness 
in  embryonic  hfe  at  which  the  'remnant'  was  formed,  and 
according  to  its  complexity,  so  the  resulting  tumour  will  be  less 
differentiated  or  more  differentiated,  will  more  resemble  embryonic 
or  post-embryonic  tissue  in  its  structure,  will  possess  a  greater  or 
a  less  tendency  to  rapid  prohferation  of  cells. 

Assuming  the  validity  of  his  hypothesis  that  embryonic  rem- 
nants exist,  Cohnheim  found  no  difficulty  in  understanding  that, 
in  most  instances,  they  do  not  take  on  growth,  i.e.  tumours  do 
not  form,  till  a  later  period  in  life.  For  he  pointed  out  that  m 
the  generative  organs,  though  the  capacity  for  growth  must  be 
present  in  the  cells,  growth  lags  behind  general  growth  of  the 
body  until  it  bursts  forth  at  puberty.  In  the  uterus  particularly, 
the  inherent  capacity  for  growth  may  lie  dormant  during  the 
whole  period  of  sexual  life,  if  the  physiological  stimulus  of  an 
impregnated  ovum  be  not  given,  and  yet  the  capacity  for  rapid 
growth  resides  in  the  cells  none  the  less. 

Given  the  existence  of  an  embryonic  remnant,-  some  stimulus 
is  necessary  for  the  occurrence  of  cell  proliferation.  Here 
Cohnheim  allowed  that  trauma  or*  mechanical  irritation  may 
play  a  part  in  the  causation  of  tumours  by  leading  to  that 
adequate  blood-supply  which  is  always  necessary  to  growth.  The 
dependence  of  growth  in  these  embryonic  remnants  upon  adequate 
blood-supply  Cohnheim  illustrated  by  the  tendency  of  a  tumour 
to  take  on  sudden  and  rapid  growth  when  the  tissue  in  which  it 
lies  is  supplied  with  an  increased  amount  of  blood  for  some 
physiological  end.  Thus,  he  alluded  to  the  rapid  growth  of 
ovarian,  uterine,  and  mammary  tumours  during  pregnancy,  and 
to  the  frequent  occurrence  f)f  exostoses  during  childhood  when 
the  bones  are  rapidly  growing. 

Cohnheim  claimed  an  especial  support  for  his  theory,  from  the 
seats  at  which  epithelial  tumours  (carcinomata)  are  liable  to 
be  found.  He  pointed  out  that  they  evince  a  special  disposition 
to  attack  '  the  orifices  of  the  body,  the  hps  and  tongue,  aire  nasi 
and  eyelids,  the  prepuce  and  glans  penis,  and  the  rectum  ;  in 
addition  the  external  os  uteri  is  very  frequently  the  seat  of  a 
cancerous  tumour,  while  that  portion  of  the  cESophagus  crossed 
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by  the  bronchus  is  more  liable  to  cancroid  than  are  its  other 
parts.'    These  facts,  which  Virchow  explained  on  the  theory  of 
mechanical  irritation,  Cohnheim  claimed  as  supporting  this  theory, 
for  '  the  above-named  localities  are  most  of  them  the  seat,  at 
some  stage  or  other  of  embryonic  development,  of  a  certain 
complication.     There  occurs  at  the  various   orifices  either  a 
prolongation  of  the  epiblast  inwards  or  a  conjunction  between 
it  and  another  epithelial  tube  or  the  like ;  and  during  this 
process  some  slight  irregularity  may,  I  think,  easily  happen 
which  would  give  rise  to  a  group  of  superfluous  epithelial  cells  — 
that  is,  to  thie  rudiment  of  a  tumour.'    The  peculiar  locahsation 
of  carcinoma  in  the  oesophagus  he  ascribed  to  the  fact  that 
•  the  oesophagus  and  bronchus  were  originally  here  united,  so  as 
to  give  rise  to  a  developmental  comphcation.'    Cancer  of  the 
rectum,  he  pointed  out,  develops  not  at  the  anus  itself  but  higher 
up,  where  '  the  epithelial  tube  formed  by  the  hinder  portion  of 
the  gut  unites  with  the  anal  invagination  of  the  epiblast.'  In 
the  case  of  the  female  generative  organs,  it  is  not  the  vulva, 
w  hich  is  most  exposed  to  injury,  that  is  the  favourite  seat  of 
cancer,  but  the  region  in  which  '  the  pavement  epithelium  of  the 
sinus  urogenitalis  coalesces  with  the  cylindrical  epithehum  of 
Miiller's  ducts,  viz.  the  orificium  externum  uteri.'    So  also  he 
ascribed  the  extreme  frequency  with  which  cancer  affects  the 
cardiac  and  pyloric  ends  of  the  stomach  to  '  embryological  com- 
plications, the  occurrence  of  which  is  sufficiently  indicated  by 
the  alteration  of  the  epithelium  at  the  cardia,  at  the  pylorus,  and 
at  the  junction  of  the  portio  pylorica  with  the  fundus.' 

To  Cohnheim's  theory  four  principal  objections  have  been 
raised.  The  first  objection  is  that  primary  growths  are  extremely 
rare  in  many  regions,  such  as  the  nervous  system,  heart,  kidney, 
the  embryological  development  of  which  is  highly  compHcated. 
This  criticism  is  as  just  as  was  Cohnheim's  criticism  of  the 
traumatic  theory  that  a  history  of  previous  injury  fails  in  86  per 
cent,  of  cases.*  The  second  objection  is  that  epithelial  remnants 
are  often  found  in  the  form  of  '  epithelial  pearls  '  in  the  tonsils 
and  neighbouring  parts  in  healthy  individuals,  and  yet  these 
parts  are  but  rarely  the  seat  of  carcinoma.  The  vaHdity  of  this 
criticism  is  not  fully  done  away  with,  even  though  it  be  recognised 
that  Cohnheim  expressly  implied  that,  for  the  development  of  a 
tumour  from  an  embryonic  remnant,  it  is  necessary  that  the 
physiological  capacity  for  resistance  of  the  surrounding  tissues 
should  be  reduced.  The  third  objection  is  that  Cohnheim  separated 
from  the  true  tumours  epithelial  growths  such  as  are  sometimes 
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seen  in  ulcers  or  on  scars.  Neither  histologically  nor  clinically 
can  a  carcinoma  in  one  of  these  situations  be  distinguished  from 
cases  of  carcinoma  in  which  Cohnheim  would  have  allowed  the 
existence  of  embryonic  remnants.  His  separation  of  neuromata 
ajid  fibromata  formed  in  the  neighbourhood  of  an  amputation 
joint  from  the  true  tumours  comes  into  the  same  category.  The 
fourth  objection  is  that  Cohnheim  forced  the  teratomata  and  many 
of  the  cysts  into  an  unnatural  position  in  order  to  strengthen  his 
hypothesis.  These  growths  cannot  fairly  be  included  among  the 
true  tumours. 

But  in  spite  of  these  objections  to  the  theory  of  embryonic 
remnants  as  an  exclusive  theory,  it  may  fairly  be  accepted  as  an 
explanation  of  some  kinds  of  tumour.  The  chief  of  these  are 
enchondromata  arising  from  aberrant  groups  of  cartilage  cells  m 
ossified  bone,  tumours  of  parotid  gland  and  testis,  which  also 
contain  cartilage,  adenomata  arising  from  congenital  pigmented 
moles,  rhabdomyoma  of  the  kidney,  and  some  others.  In  the 
case  of  dermoid  cysts  it  is  a  highly  satisfactory  explanation, 
and  the  same  is  true,  as  will  be  seen  later,  of  many  other  kinds  of 
cysts. 

(4)  The  Parasitic  or  Infective  Theory.— In  a  general  form 
this  theory  was  put  forward  many  years  before  the  modern  view 
of  infectivity  was  adopted.  Hence,  originally,  the  theory  was  not 
bound  up  with  the  idea  of  a  microbial  origin  for  any  of  the 
tumours.  But  recently  it  has  assumed  a  great  importance,  owmg 
to  the  fact  that  certain  authors  have  brought  forward  evidence 
which  they  maintain  points  to  microbial  origins  for  carcinoma 
and  sarcoma. 

This  theory  is  really  concerned  only  with  a  portion  of  the 
new-growths,  viz.  those  which  form  metastases  ;  it  therefore  aims 
essentially  at  an  explanation  of  the  carcinomata  and  sarcomata. 
The  basis  of  its  adoption  is  the  close  similarity  between  the 
cHnical  characters  of  a  case  of  malignant  new-growth  and  a  case 
of  a  certainly  infective  disease  such  as  tuberculosis.  Thus  a  local 
tuberculosis  at  the  apex  of  one  lung  leads  to  secondary  mfection 
of  the  nearest  (bronchial)  lymphatic  glands  by  way  of  the 
lymphatics,  which  may  themselves  show  tuberculous  nodules, 
and  if  material  from  the  primary,  or  one  of  the  secondary,  foci 
gains  entrance  to  the  blood-vessels  and  is  carried  away  m  the 
circulation,  it  leads,  by  the  production  of  minute  embolisms,  to  a 
generalised  mihary  tuberculosis.  In  the  case  of  carcinoma  there 
is  also  a  local  primary  focus,  the  nearest  lymphatic  glands  also 
become  involved  early,  the  lymphatics  running  from  the  primary 
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focus  to  these  glands  may  present  chains  of  cancerous  nodules, 
and  a  generalised  carcinomatosis  may  occur.  Carcinoma  travels 
principally  by  lymphatics,  sarcoma  is  disseminated  by  the  blood- 
stream, hence  generalised  sarcomatosis  is  more  common  than 
generalised  carcinomatosis  ;  but  that  carcinoma  may  also  travel  by 
the  blood-stream  is  shown,  for  example,  by  the  fact  that,  when  the 
breast  is  the  seat  of  cancer,  it  is  not  uncommon  to  find  secondary 
nodules  in  the  bones  of  the  vertebral  column  or  the  limbs. 


Fio.  27.—'  Cancbii  Bodies.'     x  400. 


From  11  hardened  and  stained  specimen  of  spheroidal-cell  carcinoma  of  the 
breast.  In  many  places  isolated  '  bird's  eye  '  bodies  were  present,  and 
in  others  collections  similar  to  that  shown  in  the  figure.  The  double 
contour  of  the  '  cancer  bodies  '  is  well  seen,  particularly  in  the  case  of 
the  three  grouped  together  towards  the  bottom  of  the  figure.  The 
masses  stained  with  picric  acid  of  Van  Gieson's  stain,  and  had  a  ground- 
glass  appearance  which  is  well  shown.  Their  general  resemblance  to 
cell-nests  of  a  squamous-cell  carcinoma  was,  in  many  cases,  very  close, 
but  the  actual  spheroidal-cell  character  of  the  growth  itself  was  indicated 
conclusively  by  the  histological  appearances  of  the  axillary  glands.  The 
cells  around  the  hyaline  mass  in  the  figure  are  definitely  epithelial  and 
a  part  of  the  growth  itself. 

Although  it  v^as  customary  to  include  the  carcinomata  and 
the  sarcomata  in  one  group  in  the  early  days  v^hen  a  parasitic 
theory  for  the  malignant  new-growths  was  being  evolved,  this  is 
no  longer  possible.  The  reason  for  this  hes  partly  in  the  actual 
differences  that  obtain  histologically  between  the  carcinomata  and 
the  sarcomata,  and  partly  in  the  fact  that  even  among  those 
who  most  strenuously  uphold  a  parasitic  theory  there  is  a  difference 
of  opinion  as  to  the  type  of  parasite  concerned.  Speaking  broadly, 
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an  animal  parasite  is  inculpated  in  the  case  of  carcinoma,  a 
vegetable  parasite  in  the  case  of  sarcoma.  But  whereas  there  is 
fairly  universal  agreement  amongst  the  upholders  of  the  parasitic 
origin  for  the  malignant  new-growths  that  the  micro-organism  m 
the  case  of  the  sarcomata  is  a  blastomycete  or  yeast,  there 
is  not  the  same  unanimity  witli  regard  to  the  interpretation 
of  the  appearances  met  with  in  carcinoma,  some  authors  re- 
aardincx  them  as  sporozoa  and  therefore  as  belonging  to  the 
animaf  kingdom,  others  regarding  them  as  blastomycetes  and 
therefore  as  vegetable.  All  observations  which  ascribed  the 
mahgnant  new-growths  to  the  ordinary  bacteria  may  be  sum- 
marily dismissed  from  consideration  as  being  dependent  upon 

faulty  technique.  ^    •     r  o+o 

With  regard  to  the  carcinomata  it  was  necessary  to  implicate 
an  organism  that  lived  by  preference  in  and  produced  prolifera- 
tion of  epithehal  ceUs.    Such  an  organism  was  at  hand  m  the 
Coccidium  oviforme,  an  oval  animal  raicro-parasite  belonging  to  the 
sporozoa,  which  is  frequently  found  in  the  liver  of  the  rabbit,  and 
ives  rise  to  a  veritable  villous  adenoma  of  the  bile  passages;  a 
similar  adenoma  of  the  intestine  is  caused  by  a  coccidmm  m  the 
sheep    In  man  coccidia  were  described  in  Mollusmm  contagiosum 
and  in  Paget's  disease  of  the  breast  (psorospermosis).  According 
to  Borrel  however,  the  so-called  coccidia  m  these  cases  were 
merely  modified  epithehal  cells.    So  far  as  carcinoma  was  con- 
cerned, Eussell  described  at  this  time  certain  spherical  or  oval 
masses  of  variable  size  which  were  situated  in  the  stroma  of  the 
growth,  and  showed  a  great  affinity  for  colouring  matters,  whence 
their  name  '  fuchsin  bodies.'    These  fuchsm  bodies  were  first  of 
ah  interpreted  by  upholders  of  the  parasitic  theory  as  sporozoa, 
but  later  as  yeasts ;  Eussell  himself,  however,  regarded  them  as 
yeasts.   About  this  time  (1890)  a  number  of  investigators  described 
in  carcinoma  intra-cellular  bodies,  which  were  round,  single  or 
multiple,  and  were  principally  found  m  glandular  epithehum. 
Eiiffer  reduced  the  '  cancer  parasite  '  to  a  few  defimte  forms,  and 
held  that  the  fully  formed  parasite  as  seen  in  the  protoplasm  ot 
the  epithehal  cells  at  the  growmg  edge  of  a  mammary  carcinoma 
consists  of  (1)  a  central  round,  oval,  or  shghtly  irregular  nucleus, 
sometimes  connected  by  fine  delicate  rays  with  the  periphery 
(2)  a  variable  amount  of  surrounding  protoplasm  almost  it  not. 
quite  fining  a  capsule,  and  (3)  a  doubly  contoured  capsule  con- 
fining the  whole.   Variations  from  the  typical  form  were  regarded 
as  corresponding  to  the  stages  in  the  life-history  of  the  parasite. 
Subsequently  Sawtchenko  described  the  parasite  as  .consisting 
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most  commonly  of  a  small  body  in  a  vacuole  in  the  cancerous 
cell ;  frequently  this  vacuole  was  filled  with  metachromatic  mucus 
which  was  derived  from  the  cell  itself  and  was  induced  by  the 
parasite. 

At  the  present  time  those  who  support  the  animal  parasitic 
theory,  and  particularly  Schiiller,  acknowledge  the  form  described 
by  Eiiffer,  but  add  that  in  many  cases  this  sporozoon  breaks  up 
into  sporozoites,  which  themselves  are  at  first  contained  within 
the  mother  cyst  but  subsequently  are  set  free.  Plimmer,  who 
with  Eiiffer  first  considered  the  '  cancer  parasite  '  to  be  protozoal, 
in  his  recent  publications  regards  it  as  blastomycetic.  In  a  word, 
certain  intra-cellular  and  extra-cellular  appearances  are  met  with 
in  carcinomata,  particularly  those  of  the  breast,  which  are  variously 
interpreted  by  the  upholders  of  the  infective  view  of  carcinoma 
as  sporozoa  and  as  blastomycetes. 

In  connection  with  these  '  cancer  bodies  '  numerous  cultivation 
and  inoculation  experiments  have  been  made.  Positive  results 
have  been  obtained  in  but  few  cases,  and  in  those  in  which 
*  tumours '  were  produced  by  inoculation  of  animals  the  inter- 
pretation of  the  results  is  very  doubtful.  By  the  investigator-s 
themselves  they  have  been  regarded  as  *  epithelial,'  '  malignant,' 
&c.,  but  by  opponents  of  the  parasitic  theory  they  are  confidently 
asserted  to  be  '  infective  granulomata,'  that  is  inflammatory. 

While  it  is  not  denied  by  opponents  of  the  parasitic  theory 
that  certain  peculiar  appearances  are  met  with  in  many  cases  of 
carcinoma  (and  of  sarcoma),  they  refuse  to  regard  these  appearances 
as  evidence  of  a  parasite  whether  animal  or  vegetable.  Further, 
they  hold  that  even  though  they  be  parasites  there  is  no  evidence 
that  they  are  the  setiological  factors  of  the  disease.  The  latter 
point  has  shortly  been  dealt  with  above.  In  addition  it  is  pointed 
out  that  they  may  be  met  with  in  a  variety  of  conditions  which 
are  manifestly  not  connected  in  the  least  degree  v/ith  the  new- 
growths,  and  even  in  normal  tissues.  With  reference  to  the 
actual  nature  of  the  '  cancer  bodies  '  or  '  cell  inclusions  '  there  is 
doubt.  They  have  been  regarded  as  due  to  agglomerations  of 
chromatin,  to  vacuola.ted  epithelial  cells  containing  leucocytes,  to 
cell  invaginations,  to  degenerated  epithelial  cells  or  leucocytes, 
and  even  in  the  case  of  Schiiller's  parasite  they  have  been 
regarded  as  merely  cork  cells  (Volcker).  Borrel  has .  found  that 
perfectly  similar  appearances  to  those  presented  by  Sawtchenko  s 
parasite  occur  in  the  normal  formation  of  the  spermatozoon  from 
a  spermatocyte  in  the  testicle,  of  the  guinea-pig. 

Important  work  has  also  been  done  by  Brouha.  Startmg 
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from  Malvoz's  observation  that  after  injection  of  certain  yeasts  a 
definite  agglutinative  property  was  acquired  by  the  serum  of  the 
animal  inoculated,  he  tested  the  serum  of  cancerous  patients 
against  two  common  yeasts  and  five  pathogenetic  yeasts  said  to 
have  been  isolated  from  various  tumours.  In  no  case  did  he 
obtain  agglutination,  and  concludes  thence  that  '  the  role  of  yeasts 
as  causes  of  carcinoma  seems  less  and  less  probable.' 


Fig.  28.—'  Cancee  Bodies.'     x  400. 

From  the  pleural 'fluid  of  a  woman  who  died  of  endothelioma  of  the  pleura. 
At  A  is  figured  a  red  blood-corpuscle  under  the  same  magnification.  All 
the  cells  except  the  four  at  the  top  left-hand  corner  were  unstamed,  and 
were  grouped  in  masses  of  three  or  four  up  to  eighteen  or  twenty,  ihe 
ceUs  were  very  variable  in  size,  had  a  well-marked  nucleus,  and  very 
highly-refractUe  nucleolus,  and  frequently  the  larger  cells  showed 
vacuoles.  The  four  cells  at  the  top  left-hand  corner  were  stained  with 
picro-carmine,  the  only  stain  they  took  satisfactorily,  and  were  mounted 
in  Farrant's  medium.  The  nuclei  stained  pink  and  appeared  to  be  quite 
devoid  of  structure ;  the  cell-protoplasm  stained  faintly  with  the  picric 
acid.  Similar  cells  to  these  were  found  also  by  the  author  m  the  freshly- 
passed  urine  of  a  boy  who  suffered  from  vesical  calculus.  The  boy  cliea 
after  supra-pubic  cystotomy,  and  the  bladder  wall  was  found  complete  y 
healthy  except  for  a  certain  small  amount  of  inflammation.  Probably 
the  cells  in  question  are  blastomycetic,  but  attempts  at  cultivation  tailed 
entirely. 

With  regard  to  the  sarcomata  the  matter  is  a  little  different. 
In  the  first  place,  those  who  beheve  in  a  blastomycetic  cause  for 
carcinoma  also  beheve  in  a  similar  cause  for  sarcoma;  and  m  the 
second  place,  many  authorities  who  doubt  the  parasitic  origm  of 
carcinoma  are  prepared  to  acknowledge  the  possibility  of  a  micro- 


509 


THE  PATHOLOGY  OF  NUTEITION 


bial  origin  for  the  sarcomata.  In  most  instances,  it  is  true,  they  do 
not  accept  the  yeasts  isolated  by  Sanfelice,  RoncaH,  AievoH,  Busse, 
Curtis,  and  others  as  being  in  reahty  the  causes  of  sarcoma,  and 
specifically  maintain  that  such  masses  of  tissue  as  are  formed  in 
animals  after  inoculation  with  those  yeasts  are  inflammatory  and 
not  neoplastic.  But  they  are  largely  influenced  by  the  histological 
characters  of  the  sarcomata  and  their  undoubted  similarity  to  con- 
ditions that  are  certainly  inflammatory,  particularly  to  granulation 
tissue.  Every  pathologist  can  point  to  many  specimens  in  which 
diagnosis  between  the  two  kinds  of  tissue  from  microscopical  sec- 
tions alone  is  impossible.  That  this  should  be  so  is  not  surprising, 
for  a  sarcoma  is  embryonic  connective  tissue,  and  granulation 
tissue  is  nothing  more,  apart  from  its  inherent  tendency  to  become 
fully  formed  fibrous  tissue,  a  property  which  is  absent  from  the 
sarcoma. 

But  there  are  two  important  points  of  difference  between  the 
malignant  new-growths  and  a  certainly  infective  disease  such  as 
tuberculosis. 

In  the  first  place,  tuberculosis  can  readily  be  conveyed  from 
animal  to  animal  though  of  a  different  species,  but  transmission 
of  new-growths  from  man  to  lower  animals  has  never  been 
observed  with  certainty,  and  in  the  few  instances  of  transmission 
in  the  lower  animals  that  have  been  recorded,  success  has  only 
attended  inoculation  of  material  from  one  member  to  another  of 
the  same  species,  and  even  then  but  in  a  small  proportion  of  cases. 
In  man,  examples  of  carcinomatous  auto-inoculation  are  common. 
In  a  case  of  uterine  cancer,  if  the  lower  end  of  the  great  omentum 
reach  down  to  the  uterus,  it  will  show  nodules  of  cancer  on  its 
lower  margin ;  auto-inoculation  of  cancer  from  one  labium  to  the 
other,  from  the  stomach  to  the  colon,  from  the  peritoneal  surface 
of  one  portion  of  bowel  to  another,  is  frequently  met  with.  But 
facts  such  as  these  do  not  prove  that  cancer  is  an  infective  disease, 
for  they  are  quite  comparable  with  the  phenomena  seen  in 
'  grafts '  of  epithelium,  a  case  in  which  infectivity  is  out  of  the 
question. 

The  best  examples  of  transmission  from  animal  to  annnal  in 
the  case  of  carcinoma  are  those  recorded  by  Hanau,  Morau, 
Jensen,  and  Borrel.  Hanau  successfully  engrafted  squamous 
cell  carcinoma  from  the  vulva  of  a  rat  into  the  peritoneal  cavity 
of  other  rats.  In  one  case,  where  death  ensued  after  three 
months,  the  abdominal  cavity  was  filled  with  nodules  which 
presented  the  typical  appearance  of  squamous  cell  carcinoma. 
Morau  succeeded  in  transmitting  an  adeno-carcinomatous  growth 
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from  one  white  mouse  to  numerous  other  white  mice.  The 
primary  tumour  was  found  accidentally  in  the  axilla  of  the  first 
mouse,  was  removed  aseptically,  minced,  and  injected  subcuta- 
neously  into  descendants  of  this  mouse  and  into  other  mice. 
After  a  lapse  of  three  months,  and  especially  in  descendants  of 
the  first  mouse,  tumours  of  purely  epithelial,  often  papillary, 
structure  showed  themselves.  These  tumours  grew  to  a  large 
size,  caused  metastases,  and  produced  death  with  considerable 
wasting.  Inoculation  of  the  substance  into  other  species  of 
animal,  however,  gave  negative  results.  Jensen's  and  Borrel  s 
cases  were  similarly  in  mice  and  were  adeno-carcinoma. 

In  the  case  of"  sarcoma,  the  matter  is  even  more  difficult, 
owing  to  the  similarity  between  sarcoma  tissue  and  inflammatory 
tissue  ;  hence  it  is  doubtful  whether  the  peculiar  growths  seen  on 
the  generative  organs  of  bull-dogs  and  and  bull-bitches,  which  are 
transmitted  from  male  to  female  and  female  to  male  as  a  result  of 
coitus,  and  lead  to  severe  wasting  and  death  if  not  removed 
surgically,  are  sarcomata,  or  only  special  forms  of  granulation  tissue. 
Macroscopically,  they  present  considerable  resemblances  to  the 
sarcomat^i,  and  microscopically  they  are  indistinguishable  from 
round-cell   sarcomata.      These   growths  have  been  made  the 
subject  of  prolonged  investigation  by  Washbourn  and  Behing- 
ham  Smith.    They  proved  to  be  inoculable,  though  with  some 
difficulty,  in  fox-terriers,  and  a  series  of  dogs  w^as  thus  in- 
fected.    In  almost  all  cases  there  was  an  absence  of  meta- 
stases, but  in  one  case,  which  ended  fatally,  nodules  were  found 
in  the  liver  and  spleen.    Portions  of  primary  growth  inoculated 
subcutaneously  or  on  the  penis  grew  for  a  certain  length  of 
time  (usually  three  months),  and  then  in  a  large  proportion 
of  the  cases  broke  down  into  a  foul  ulcer.     Ultimately  the 
niass  disappeared  and  the  animal  recovered.    Concerning  the  in- 
fective nature  of  the  disease  there  is  no  doubt,  in  spite  of  the 
fact  that  no  micro-organisms  of  any  kind  were  ever  discovered  in 
the  masses  or  cultivated  from  them.    In  spite,  too,  of  the  fact 
that  the  authors  termed  the  condition  one  of  '  infective  sarcoma,' 
the  possibility  that  it  is  really  one  of  infective  granuloma  cannot 
be  ignored. 

Also  on  the  subject  of  the  transplantation  of  sarcoma  are  the 
experiments  of  Loeb.  He  transplanted  into  rats  portions  of  a 
sarcoma  of  the  thyroid  which  was  partly  composed  of  spindle, 
partly  of  round  cells,  and  of  which  some  regions  had  undergone 
myxomatous  degeneration.  He  succeeded  in  transplanting 
portions  of  the  tumour  from  rat  to  rat  over  a  period  of  fifteen 
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months.  Most  of  the  transplanted  tissue  necrosed  or  sloughed  or 
formed  abscesses,  but  the  tumour  formation  in  the  animal  was  not 
hindered  thereby.  The  characters  of  the  primary  growth  were 
maintained  throughout  the  series  with  a  considerable  constancy. 
Contact  and  inoculation  metastases  occurred  with  frequency,  but 
metastases  by  the  blood  and  lymph  stream  were  equally  absent  in 
the  primary  case  and  in  the  experimental  animals. 

In  the  second  place,  the  constitutions  of  the  primary  and  the 
metastatic  growths  are  different  in  the  cases  of  such  a  certainly 
infective  disease  as  tuberculosis  and  the  new-growths.  For 
though  the  secondary  tuberculous  nodule  resembles  the  primary 
nodule  in  all  its  essential  respects,  and  the  secondary  cancerous 
or  sarcomatous  nodule  resembles  the  primary  focus  in  the  same 
way,  the  constitution  of  these  nodules,  whether  primary  or 
secondary,  is  fundamentally  different  in  the  two  diseases. 

This  is  best  seen  if  we  compare  tuberculosis  with  carcinoma 
of  a  highly  distinctive  kind  :  say,  squamous  cell  carcinoma.    If  we 


Fig.  29. — Diagrams  of  Tui;i:i!cle  axd  Metastatic  XonuLJi  of  iSE\v-Gi!0\YXii. 


To  show  the  fallacy  of  the  argument  in  favour  of  a  microbial  origin  for  the 
new-gi-owths  derived  from  the  superficial  resemblance  between  a  tubercle 
and  a  metastatic  nodule  of  new-growth  in  generalisation  of  both 
diseases. 

C  =  C  =  normal  tissue. 

B  =  B'  =  tissue  changes  induced  by  A  and  A'. 
A  =  group  of  B.  tuberculosis. 
A'  =  group  of  cells  of  carcinoma  or  sarcoma. 

The  two  diagrams  only  differ  in  the  relative  sizes  of  B  and  B'  and 
A  and  A'.  The  fallacy  consists  in  imagining  that  B  +  A  in  the  tubercle 
diagram  represents  A'  in  the  new-growth  diagram,  and  ignoring  the 
narrow  zone  B'. 

inject  a  culture  of  B.  tuberculosis  into  the  circulation  of  an 
animal,  and  the  experiment  is  successful,  we  find  that  tuberculous 
nodules  are  formed  in  the  liver  and  elsewhere.  Now  the  bacillus 
has  led  to  the  formation  of  the  tubercle  from  the  tissues  which 
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immediately  surround  it ;  the  giant-cell,  the  epithelioid  cells,  the 
lymphoid  cells,  are  derived  from  the  pre-existing  tissues  of  the 
part  (connective  tissue)  or  from  wandering  cells  conveyed  thither 
by  the  blood.    That  is  to  say,  the  tuberculous  nodule  is  essentially 
a  modification  of  the  normal  tissue  induced  by  the  tubercle 
bacilhis.    But  the  case  of  squamous  cell  carcinoma  is  different, 
for  here  it  is  not  a  modification  of  the  normal  tissue  which  leads 
to  the  production  of  a  nodule  in  the  liver,  but  actual  growth  in 
situ  of  squamous  epitheHum  itself.    This  is  proved  conclusively 
by  the  existence  of  numerous  '  epithelial  pearls,'  for  it  is  incon- 
ceivable that  any  constituent  of  the  liver  should  actually  become 
converted  into  squamous  epithelium.    A  strict  analogy  to  this 
condition  is  only  seen  in  the  case  of  tuberculosis  in  multiplication 
of  the  bacilli  themselves  in  a  metastasis,  and  that  quite  apart  from 
the  changes  which  the  bacilli  induce  in  the  surrounding  tissues. 
Exactly  the  same  difference  obtains  if  we  compare  tuberculosis 
with  such  a  form  of  sarcoma  as  the  chondro-sarcoma,  for  the 
metastases  in  the  latter  case,  wherever  they  are  situated,  contain 
cartilage.     In  a  word,  secondary  nodules  in  tuberculosis  are 
similar  to  the  primary  nodule  because  of   the   similarity  in 
structure  of  the  tissues  in  which  the  irritant  is  placed,  the 
secondary  nodules  in  carcinoma  and  sarcoma  are  identical  in 
structure  with  the  primary  growth  because,  strictly  speaking, 
they  are  parts  of  the  primary  growth. 

But,  as  a  matter  of  fact,  the  metastatic  nodules  themselves 
are  totally  different  in  the  two  contrasted  conditions.    This  is 
better  seen  if  we  consider,  not  tubercle  bacilH,  but  any  of  the 
pyogenetic  cocci  when  they  have  become  generaUsed  and  lead  to 
the  formation  of  pysemic  abscesses.    The  minute  embolus  of 
cocci  carried  by  the  lymph  or  blood-stream  to  a  distant  pa,rt,  and 
so  small  that  it  may  pass  through  all  vessels  but  the  capillaries, 
leads  to  the  formation  of  a  pysemic  abscess  when  it  becomes 
lodged  at  some  point,  because  the  cocci  are  hving,  capable  of 
multiplication,  and  capable  of  producing  changes  in  the  sur- 
rounding tissues.    But  the  metastatic  abscess  formed  in  this  way 
is  not  comparable  with  a  metastatic  nodule  of  cancer  or  sarcoma, 
because  the  secondary  nodule  of  new-growth  is  not,  like  the 
abscess,  the  result  of  changes  in  the  surrounding  tissues  produced 
by  a  Hving  and  multiplying  factor,  hat  is  the  living  and  multi- 
plyi7ig  factor  itself.    The  nodule  of  new-growth  may  and  does 
lead  to  changes  in  the  surrounding  tissues,  and  unless  these  are 
included  in  the  conception  of  a  cancerous  or  sarcomatous  meta- 
stasis, a  comparison  between  infective  diseases  and  malignant 
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new-growths  on  this  point  is  not  justifiable.  Now,  if  we  fill  up 
this  lacuna  in  the  general  acceptation  of  the  term  '  metastasis '  as 
apphed  to  the  new-growths,  support  for  the  parasitic  theory 
derived  from  the  occurrence  of  metastases  falls  to  the  ground. 
For  then  the  tuberculous  or  the  pyogenetic  microbes  bear  the 
same  relation  to  the  tuberculous  nodule  or  the  pygemic  abscess  as 
the  whole  cancerous  or  sarcomatous  metastatic  growth  bears  to  the 
ignored  changes  in  the  surrounding  tissues.  Hence  it  is  no  more 
just,  from  the  mistaken  analogy  of  metastases,  to  argue  that  the 
multiplication  of  epithehal  cells  in  cancer  or  of  connective  tissue 
cells  in  sarcoma  is  induced  by  the  action  of  a  micro-organism, 
than  it  would  be  just  to  argue  that  the  multiplication  of  the 
tuberculous  or  pyogenetic  micro-organism  is  due  to  the  action 
of  another  variety  of  micro-organism.  In  each  case  we  have 
proliferation  of  cells,  whether  cancerous  or  sarcomatous  on  the 
one  hand,  or  bacterial  on  the  other,  but  neither  case  can  help 
us  to  understand  the  essential  cause  of  multiplication  in  the 
other. 

The  parasitic  theory  of  the  new-growths  is  really  an  extension 
of  the  theory  which  ascribes  tumour-formation  to  the  action  of 
an  irritant,  for,  as  v^e  have  already  seen,  no  line  can  be  drawn 
between  the  effects  of  a  living  and  a  non-living  irritant.  Nor 
can  we  draw  a  hard  and  fast  line  between  inflammation  and  its 
sequels  on  the  one  hand  and  tumour-formation  on  the  other, 
especially  as  a  chronic  ulcer  or  scar-tissue  may  subsequently 
become  the  seat  of  a  true  tumour.  Hence  there  is  no  inherent 
improbability  that  the  new-growths,  or  rather  the  malignant 
new-growths,  which  form  metastases  should  depend  upon  a  micro- 
bial irritant.  Shattock  and  Ballance  go  further  :  thus  they  say, '  in 
the  matter  of  mahgnant  growths  more  particularly  it  \i.e.  the  para- 
sitic theory]  has  much  to  recommend  it,'  and  '  the  parasitic  theory 
of  mahgnant  new-growths  is  so  well  grounded  that  during  the  past 
few  years  the  whole  of  the  work  on  the  subject  has  been  directed 
by  it.' 

But  let  us  examine  the  grounds  of  the  parasitic  theory  a  little 
more  closely. 

Unless  we  grant  the  justice  of  considering  the  microscopic 
appearances  as  belonging  to  those  of  '  cancer  parasites,'  evidence 
in  favour  of  the  infective  or  parasitic  nature  of  malignant  new- 
growths  is  confined  to  the  assumed  similarity  between  carcinoma 
and  sarcoma  on  the  one  hand,  and  infective  diseases  on  the  other, 
in  the  matter  of  generalisation,  to  the  occurrence  of  cancer  under 
such  conditions  as  seem  to  indicate  that  the  disease  cHngs  to 
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certain  houses,  to  the  cases  in  which  direct  infection  by  new- 
growths  has  been  said  to  occur  in  man,  and  to  the  experimental 
transmission  of  new-growths  in  mice  and  possibly  in  dogs. 

With  regard  to  the  first  point,  the  similarity  between  mahg- 
nant  growths  and  such  a  disease  as  tuberculosis  with  regard  to 
generalisation  of  the  disease  is  superficial  and  not  real.  The 
actual  composition  of  the  metastases  themselves  in  the  two 
conditions  has  already  been  considered.  But  the  fact  of  generali- 
sation itself  in  the  two  diseases  only  amounts  to  evidence  that,  in 
both  instances,  living  cells  may  be  carried  from  a  local  focus 
elsewhere  by  way  of  the  lymphatics  or  the  blood.  In  particular, 
it  is  no  argument  in  favour  of  a  parasitic  cause  for  the  new- 
growths. 

Generalisation  of  a  disease  is  not  of  itself  an  argument  for  the 
infective  nature  'of  that  disease.  When  a  solution  of  methylene 
blue  is  introduced  into  the  subcutaneous  tissue  it  is  carried  over 
the  whole  body  by  lymphatics  and  by  blood-vessels,  for  it  shows 
itself  in  the  lymph  of  the  thoracic  duct  and  in  the  urine ;  but  this 
form  of  generahsation  does  not  imply  that  the  methylene  blue  is 
an  infective  agent.  Nor  does  the  fact  that  when  we  find  genera- 
hsed  tuberculosis  or  carcinomatosis  or  sarcomatosis  the  nodules 
are  localised,  make  a  difference,  for  it  only  shows  that  passage  of 
the  disseminated  substance  is  obstructed  at  certain  points.  The 
important  fact  shown  by  the  metastases  in  the  contrasted  cases  of 
tubercle,  cancer,  sarcoma  is  therefore  not  that  generahsation 
occurs,  but  that  the  disseminated  substance  (emboli)  in  each  case 
contains  cells  which  are  living  and  capable  of  independent 
growth. 

In  the  next  place,  there  is  the  evidence  as  to  endemic  loca- 
tion of  malignant  new-growths,  especially  cancer.  Well-marked 
examples  of  this  evidence  are  cited  by  Shattock  and  Ballance. 
In  one  example,  within  twenty-six  years,  six  persons  died  of 
cancer  in  two  houses  that  were  under  one  roof  and  had  a 
common  drainage  and  water-supply  ;  in  the  main  the  inhabitants 
of  these  houses  were  unrelated  to  one  another.  But  an  endemic 
distribution  of  cancer  can  be  seen  on  broader  lines.  Thus,  m 
England  and  Wales,  Haviland  has  come  to  the  conclusion  that 
'the  cancer-fields  ...  are  found  in  the  sheltered  and  low- 
lying  vales  traversed  by  fully  formed  and  seasonally  flooded 
rivers,  and  composed  of  the  more  recent  argillaceous  formations  ; 
and  that  the  districts  having  the  lowest  death-rates  from  this 
cause  occupy  the  more  elevated  areas  composed  of  the  oldest 
rocks,  among  which  the  limestone  areas  are  coincident  with  the 


512 


THE  PATHOLOGY  OF  NUTRITION 


very  lowest  mortality.'  When  we  compare  this  distribution  with 
the  regions  in  which  malaria  is  endemic,  the  general  similarity, 
especially  as  regards  moisture  and  absence  of  natural  drainage,  is 
striking.  In  the  case  of  malaria  it ,  is  known  that  a  parasite  is 
the  cause  of  the  disease,  and  this  suggests  that  the  same  may  be 
true  in  the  case  of  cancer.  With  reference  to  these  observations 
it  is  only  necessary  to  state  that  though  they  have  a  certain  value, 
statistics  on  cancer  are  too  few  and  too  complicated  to  serve  as  a 
basis  for  satisfactory  argument.  At  the  present  time  Newsholme 
finds  that  the  '  evidences  as  to  special  "  cancer  houses  "  do  not  carry 
conviction.' 

In  reference  to  the  question  of  a  direct  infection  of  one  human 
being  by  another,  evidence  is  very  scanty,  and,  partly  from  the 
nature  of  the  case,  very  unsatisfactory.  Yet  it  is  noteworthy  that 
carcinoma  of  the  cervix  in  women  is  one  of'  the  commonest 
situations  for  the  disease,  while  carcinoma  of  the  penis  in  man  is 
one  of  the  rarer ;  and  this  in  spite  of  the  fact  that  both  regions 
are  covered  by  squamous  epitheHum  and  both  are  liable  to 
squamous  carcinoma. 

Of  all  evidence  for  an  infective  origin  of  carcinoma  and 
sarcoma,  that  derived  from  direct  experimental  transmission  is  the 
most  important.  Its  general  accuracy  is  beyond  doubt.  Never- 
theless the  fact  that  a  carcinoma  or  sarcoma  can  be  transmitted 
is  not  of  itself  evidence  that  it  contains  a  parasite.  It  has  long 
been  known  that  under  favourable  circumstances  portions  of 
embryonic  tissue  may  be  transplanted  into  other  animals  and 
may  there  for  a  time  increase  considerably  in  size.  And  yet 
there  is  no  question  of  a  parasite  in  the  embryonic  tissue  in  such 
a  case. 

If  the  points  which  have  preceded  be  summarised,  they 
indicate  that  though  there  is  no  inherent  reason  why  carcinoma 
and  sarcoma  should  not  depend  upon  a  parasite,  yet  there  is  at 
present  no  satisfactory  reason  for  believing  that  they  actually  do 
so.  Foulerton  in  a  detailed  criticism  of  the  entire  question  goes 
further,  and  holds  that  a  parasitic  theory  for  carcinoma  is  quite 
unnecessary  to  explain  the  facts,  and  that  so  far  as  theoretical 
considerations  go  the  actual  balance  of  probabilities  is  against  the 
theory  that  carcimona  is  caused  by  a  parasite  from  without. 
With  reference  to  the  aetiology  of  sarcomata  he  is  somewhat  more 
guarded. 

(5)  Theory  of  Anaplasia—Ha^n^emaxm'^  theory  of  anaplasia 
is  based  on  the  assumption  that  the  cells  of  a  normal  tissue,  as 
they  become  more  differentiated,  progressively  lose  their  capacity 
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for  growth,  but  regain  it,  and  thereby  lead  to  the  formation  of  a 
tumour,  if  in  course  of  time  the  cells  revert  towards  an  in- 
diHerent  stage.  His  theory  is  an  attempt  to  explain  the  supposi- 
tion that  such  a  new-growth  as  cancer  depends  upon  an  increased 
capacity  for  growth  on  the  part  of  the  epithelial  cells  which  enter 
into  the  composition  of  the  tumour.  Hansemann  first  of  all 
held  that  the  normality  of  a  cell  depends  upon  a  particular  kind 
of  division  of  its  nucleus.  He  found  in  carcinoma  the  so-called 
asymmetrical  mitoses,  and  imagined  that  the  smaller  portion  of 
the  nucleus  and  the  larger  portion  formed  cells  of  different  kinds, 
of  which  the  larger  approached  to  the  indifferent  stage.  Stroebe, 
however,  showed  that  asymmetrical  mitoses  are  met  in  other 
rapidly  growing  tissues  besides  the  tumours,  so  that  Hansemann 
was  obliged  to  relinquish  this  view.  He  still  maintains,  however, 
that  the  cells  of  tumours  never  show  exactly  the  same  histological 
and  biological  properties  as  the  cells  from  which  they  sprang,  and 
considers  that  this  indicates  that  they  have  undergone  a  more  or 
less  widespread  anaplasia. 

(6)  Theory   of  Growth-liberation. — By  this  term  I  have 
ventured  to   designate   Eibbert's  theory  to  explain  the  new- 
growths.  .  His  theory  of  hypertrophy  has  already  been  considered 
(p.  478),  and  it  has.  been  shown  that  this  author  believes  that  in 
every  cell  there  is  a  capacity  for  growth  which  is  held  in  restraint 
by  the  '  tissue-tension.'    When  the  tissue-tension  is  diminished 
the  capacity  for  growth  is  set  free,  and  proliferation  of  cells 
takes  place.    Carcinoma,  for  example,  does  not  occur  because  the 
epithehal  cells  grow  into  a  fibrous  tissue,  the  resisting  power  of 
which  is  diminished,  nor  because  the  capacity  for  growth  of  the 
epithehal  cells  is  increased,  though  each  of  these  views  has 
claimed,  and  still  claims,  many  adherents.    It  occurs,  according 
to  Eibbert,  because  the  tissue-tension  is  altered  and  the  capacity 
for  growth  of  the  sub-epithelial  fibrous  tissue  is  set  free,  whereby 
it  grows  and  invades  the  epithelium,  breaking  this  tissue  up, 
separating  it  into  cells  and  groups  of  cells  which  (themselves 
being  freed  from  tissue-tension)  proliferate  owing  to  the  hberation 
of  their  own  inherent,  but  hitherto  restrained,  capacity  for  growth. 
Ribbert's  view  concerning  the  formation  of  cancer,  and,  indeed,  of 
many  other  kinds  of  growth,  e.g.  fibro- adenoma  of  the  breast, 
differs  from  that  of  other  authors  in  that  he  makes  the  connective 
tissue  portion  of  the  growth  play  a  fundamental,  and  not,  as  most 
other  authors  believe,  a  more  or  less  passive,  part.    He  argues 
against  the  theory  which  asserts  that  in  carcinoma  there  is  a 
direct  in-growth  of  epithelial  structures  into  the  subjacent  tissue, 
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for  he  maintains  that  this  has  never  been  shown  to  occur  beyond 
the  possibility  of  doubt,  and  that  the  contrary  is  shown  by  some 
extremely  early,  but  undoubtedly  commencing,  carcinomata  which 
he  had  the  opportunity  of  examining.  This  view,  since  it  does 
not  concern  itself  primarily  with  the  manner  in  which  the  capacity 
of  growth  is  liberated  in  a  cell  or  group  of  cells,  does  not  exclude 
of  necessity  either  the  traumatic  theory  or  Cohnheim's  theory  of 
embryonic  remnants.  Indeed,  in  the  case  of  some  tumours,  e.g. 
cartilaginous  tumours,  rhabdomyoma,  glioma,  dermoid  tumours, 
and  some  other  kinds  of  cyst,  all  of  which  arise,  or  the  germs  of 
which  are  separated  off,  in  intra-uterine  life,  Eibbert  expressly 
invokes  Cohnheim's  hypothesis.  In  the  case  of  chronic  irritation, 
trauma,  parasites,  however,  Eibbert  holds  that  their  importance 
in  the  setiology  of  cancer  consists  in  the  fact  that  they  lead  to 
that  proliferation  of  connective  tissue  which  is  a  preliminary  to 
the  formation  of  a  cancer,  though  it  does  not  necessarily  end  m 
cancer-formation.  Ribbert's  theory  has  met  with  criticism, 
particularly  at  the  hands  of  Ziegler,  Hansemann,  Hauser,  and 
Notthafft,  all  of  whom  maintain  that  carcinoma  commences  with 
a  proliferation  of  epithelium.  To  them  Eibbert  makes  practi- 
cally but  one  answer,  viz.  that  they  have  not  examined  carcino- 
mata in  a  sufficiently  early  stage,  and  that  the  periphery  of  an 
already  established  growth  does  not  afford  evidence  upon  the 
point. 

Eibbert's  theory  offers  certain  manifest  advantages.  It 
presents  one  explanation  for  the  whole  group  of  tumours, 
whether  they  are  simple  or  complex  in  structure,  whether  they 
are  non-malignant  or  mahgnant,  whether  they  correspond  to 
embryonic  or  to  adult  tissue.  It  approximates  tumour-formation 
to  hyperplasia  and  regeneration,  processes  in  which  growth  is 
also  excessive.  But  it  has  the  great  disadvantage  that  it  cannot 
readily  be  put  to  the  test,  owing  to  the  rarity  with  which  tumours 
are  found  in  a  sufficiently  early  stage  to  be  of  use  in  deciding  its 
value. 

With  regard  to  the  question,  whether  the  fibrous  tissue  stroma 
of  a  growth  plays  a  fundamental  part  in  its  formation,  as  Eibbert 
believes,  there  is  some  difficulty.  In  the  case  of  papillomata,  the 
view  must  be  correct,  for  the  fibrous  tissue  forming  the  basis  on 
which  the  epithelium  is  placed  in  excessive  amount,  has  obviously 
extended  beyond  the  normal  limits  of  the  cutis  vera.  But  when 
we  bear  in  mind  that  any  irritant  of  low  intensity  becomes  sur- 
rounded by  a  capsule  of  newly  formed  fibrous  tissue,  it  becomes 
doubtful  whether,  in  some  cases,  the  fibrous  tissue  stroma  of  the 
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crrowth  may  not  be  of  the  inflammatory  type.    The  capsule  that 
surrounds  a  Trichina  spiralis  m  muscle,  or  a  hydatid  cyst  in  the 
liver,  is  fibrous,  and  is  formed  by  the  surrounding  tissues  as  the 
sequel  to  a  chronic  inflammation,  in  the  same  way  as  the  capsule 
is  formed,  or  may  be  formed,  around  an  aseptic  bullet.  The 
capsule  which  surrounds  a  fibro-adenoma  of  the  breast  is  of  the 
same  nature,  but  the  fibrous  tissue  in  the  growth  itself  is  pro- 
bably different,  and  is  as  much  a  part  of  the  tumour  as  are  the 
epithelial  cells  which  Hne  the  clefts  or  cysts  in  the  tumour. 
But,  in  the  case  of  carcinoma,  it  is  questionable  whether  we  are 
to  reoard  the  fibrous  tissue  as  a  fundamental  part  of  the  tumour 
—therein  agreeing  with  Eibbert— or  whether  we  are  to  regard  it 
as  corresponding  in  nature  to  the  fibrous  tissue  which  forms  a 
capsule  around  a  non-malignant  growth.    Here,  possibly,  the 
structure  of  a  scirrhus  of  the  breast  helps  us  to  a  conclusion.  If 
we  examine  the  periphery  of  the  tumour  where  it  is  actively 
growing,  we  see  that  it  consists  almost  entirely  of  masses  of 
epithehal  cells,  fibrous  tissue  being  present  in  extremely  small 
quantities.    But  in  advance  of  the  masses  of  epithelial  cells  there 
is  always  to  be  found  a  small-celled  infiltration,  a  sign,  that  is, 
that  the  normal  tissue  is  reacting  to  either  an  irritant  or  a  stimulus, 
and  at  some  less  or  greater  distance  from  the  edge  of  growth  it  is 
certain  that  stimulation  and  proliferation  of  connective  tissue 
cells  must  be  taking  place. 

Now  if  we  could  imagine  that  proliferation  of  epithelial  cells 
throughout  the  tumour  ceased  at  a  given  moment,  the  proliferated 
connective  tissue  cells  would  form  a  capsule  for  the  growth.  But 
since  this  cessation  in  epithelial  multiplication  does  not  take 
place,  but  on  the  contrary  new  masses  of  epithehal  cells  are  per- 
petually encroaching  upon  the  zone  of  potential  fibrous  tissue  in 
all  directions,  the  surrounding  tissues  are  in  a  constant  state  of 
striving  to  encapsule  the  growth,  but  never  succeed  in  doing  so. 
Nevertheless,  the  proliferated  connective  tissue  cells  form  new 
connective  tissue  ;  and  this  connective  tissue  from  the  nature  of 
the  case  does  not  enclose  the  cancer,  but  is  enclosed  within  it. 
Here  it  becomes  denser  and  contracts  according  to  the  normal 
properties  of  connective  tissue,  and  hence  the  oldest  parts  of  the 
growth  are  the  densest  and  contain  the  fewest  epithelial  cells. 
The  marked  difference  between  the  centre  and  the  periphery  of  a 
scirrhus,  as  compared  with  the  similarity  between  the  centre  and 
the  periphery  of  such  a  growth  as  a  fibro-adenoma  of  the  brea,st, 
seems  to  imply  a  fundamental  difference  between  the  modes  of 
fil)rous-tissue  formation  in  the  two  cases.  '  Probably,  therefore,  we 
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shall  be  right  if  we  agree  with  Eibbert  that  in  a  fibro-adenoma  of 
the  breast  the  fibrous  tissue  of  the  tumour  is  a  fundamental  and 
essential  part  of  the  new-growth  ;  but  we  must  hesitate  before 
agreeing  with  him  that  the  fibrous  tissue  in  a  carcinoma  (at  all 
events  in  a  scirrhus  of  the  breast)  is  a  fundamental  and  essential 
part  of  the  new-growth  in  the  same  sense. 

(7)  The  '  Habit  of  Growth '  Theorij  of  Adami. — In  framing 
his  theory  Adami  lays  down  as  a  fundamental  condition  the 
absence  of  any  dividing  hne  between  non-malignant  and  malig- 
nant tumours,  and  rightly  asserts  that  a  satisfactory  theory  must 
include  both  classes.  He  points  out  that  certain  tumours,  such 
as  the  teratomata  and  those  which  arise  in  foetal  remains,  are  de- 
rived from  misplaced  cells,  whereas  others,  including  the  greater 
number  of  tumours,  both  non-malignant  and  malignant,  arise 
from  cells  originally  in  a  normal  position.  The  question  to  be 
solved  is  why  either  class  of  cells  takes  on  excessive  growth 
independent  of  the  needs  of  the  organism.  To  explain  this 
question  Adami  lays  stress  upon  the  fact  that  'multiplication 
and  the  active  performance  of  other  functions  by  the  cell  are 
incompatible,  or  otherwise,  that  the  actively  functionating  and 
fully  developed  cell,  as  such,  does  not  undergo  mitosis  or  show 
evidences  of  multiphcation.'  He  therefore  divides  the  functions 
of  a  cell  into  'specific'  and  'vegetative'  or  'proliferative.'  For 
the  exercise  of  either  property  an  adequate  supply  of  nutriment 
is  necessary ;  and  if  the  cell  is  placed  in  such  a  position  that  it  is 
unable  to  exercise  its  specific  function,  the  increased  nutriment 
will  be  directed  to  cell  division.  Moreover,  since  cells  possess  a 
certain  amount  of  inertia  whereby  they  tend  to  continue  in  the 
direction  which  they  have  had  impressed  upon  them,  such  cells 
■  as  have  lost  the  '  habit  of  work  '  and  taken  on  the  '  habit  of  growth  ' 
will  tend  to  become  more  and  more  confirmed  in  the  new  direc- 
tion, i.e.  they  will  form  a  tumour. 

By  this  theory  the  aetiology  of  tumour  formation  is  shifted  a 
point  further  back,  and  the  question  arises  as  to  the  cause  or 
causes  which  induce  a  cell  or  group  of  cells  to  revert  from  a  habit 
of  work  to  the  more  primitive  habit  of  growth.  It  is  clear  that 
numerous  causes  may  contribute  to  this  end,  that  it  does  not 
exclude  a  parasitic  theory  for  certain  varieties  of  growths  or  the 
possibihty  that  others  arise  in  embryonic  remnants.  It  does 
demand,  however,  an  irritant  or  rather  a  stimulus  of  some  kmd, 
which  '  shall  be  of  such  an  extent  and  continued  for  so  long  a 
T^eriod  that  in  consequence  of  the  increased  functional  activity  of 
the  cell,  of  the  increased  secretion,  and  the  increased  blood  and 
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lymph  brought  to  the  part,  the  relationships  of  the  cell  to  those 
in  its  immediate  neighbourhood  are  altered  to  such  an  extent 
that,  while  there  is  adequate  or  even  increased  assimilable 
material  which  it  can  absorb,  the  very  alteration  of  environment 
and  the  increased  tension  to  which  it  is  subjected  hinders  the 
proper  performance  of  function,  and  the  stored-up  energy 
becomes  diverted  from  the  performance  of  specific  function  to 
proliferative  activity.' 

Adami's  theory,  therefore,  has  much  in  common  with  Eib- 
bert's  theory  of  '  growth-Hberation,'  but,  like  the  other  theories  of 
tumour  formation,  it  only  leads  us  back  to  the  still  unanswerable 
questions  :  Why  should  circumstances  arise  to  replace  the  habit 
of  work  by  the  habit  of  growth  in  one  individual  and  not  in 
another  ?  Why  should  tumours  be  found  so  frequently  in  cer- 
tain tissues  and  so  rarely  in  others  ?  Why  should  special  types 
of  tumours  be  so  frequently  met  with  at  certain  ages  of  the 
individual  ?  The  theory  is  valuable  in  that  it  dissociates  work 
from  growth  with  great  stringency,  though  it  must  be  confessed 
that  such  a  sharp  dissociation  is  not  allowed  by  all  authors  ;  it  is 
valuable  in  that  it  includes  all  varieties  of  tumour,  but  neither 
this  theory  nor  any  other  that  has  so  far  been  put  forward  has 
reached  the  kernel  of  the  question.  Not  until  we  know  the  true 
reason  why  the  nucleus  of  a  cell  divides  shall  v/e  arrive  at  the 
real  explanation  of  the  new-growths. 

(vi)  Cysts.— The  term  '  cyst '  is  used  to  imply  an  abnormal 
space  containing  liquid  or  semi-solid  contents,  and  shut  off  from 
the  tissues  in  which  it  lies  by  a  wall  which  consists  at  least  of 
fibrous  tissue,  though  it  is  frequently  more  complicated.  Besides 
the  true  cysts,  for  which  this  description  suf&ces,  hasmatoma  is 
often  included  among  the  cysts,  but  it  and  allied  conditions  are 
better  described  as  '  false  cysts.' 

The  chief  forms  of  cyst  are  as  follows :  (1)  Those  containing 
an  animal  parasite,  e.g.  a  hydatid;  here  we  have  to  distinguish 
between  the  true  wall  of  the  parasitic  cyst  and  the  fibrous  tissue 
wall  formed  around  it  by  the  neighbouring  tissue.  (2)  Cysts 
formed  by  enlargement  of  pre-existing  ducts  or  cavities,  the  out- 
let of  which  has  become  obstructed  :  retention-cysts.  These  are 
almost  invariably  lined  by  a  layer  of  epithelium,  and  they  form 
the  majority  of  cysts.  Banula,  sebaceous  cysts,  hydrocele,  cysts 
in  fibro-adenomata,  cysts  in  chronic  granular  kidneys,  are  of  this 
nature.  (3)  Cysts  formed  by  dilatation  of  a  foetal  tube  which 
is  normally  obliterated,  e.g.  parovarian  cysts.  (4)  Dermoid 
cysts.    (.5)  Cysts  formed  by  degeneration  and  liquefaction  of  the 
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central  portion  of  a  solid  mass,  e.g.  cysts  in  many  sarcomata. 
(6)  Hsematoma. 

Concerning  many  of  these  it  is  unnecessary  to  speak  at 
length.  Hsematomata  depend  upon  effusion  of  blood  from 
ruptured  blood-vessels,  upon  absence  of  coagulation  in  the 
effused  blood,  and  upon  the  slowness  with  which  absorption  of 
a  highly  albuminous  fluid  takes  place.  Degeneration  cysts  may 
depend  upon  supervention  of  either  the  mucoid  or  the  colloid 
change :  the  latter  accounts  for  many  of  the  cysts  in  goitre. 
Degeneration  may  also  be  complicated  by  haemorrhage,  and  then 
a  condition  is  produced  which  may  resemble  hgematoma ;  the 
contents  of  many  kinds  of  cysts  are  coloured  by  altered  bloocl- 
pigment. 

The  wall  of  a  dermoid  cyst  usually  shows  a  well-marked 
squamous  epithelium  on  its  internal  surface,  but  for  the  rest 
may  consist  entirely  of  fibrous  tissue,  or  a  certain  amount  of 
muscular  tissue  may  also  be  present.  As  a  rule,  too,  various 
epidermal  structures,  particularly  hair  follicles  and  sebaceous 
glands,  are  present,  and  sweat  glands  may  also  be  found.  The 
hair  follicles  and  sebaceous  glands  are  functionally  active,  as 
shown  by  the  fact  that  sebaceous  material  and  hair  are  almost 
always  present  in  the  contents  of  the  cyst.  In  the  case  of 
ovarian  dermoid  cysts  the  structure  of  the  wall  and  the  contents 
of  the  cyst  may  be  as  mentioned  above,  but  it  may  be  more  com- 
plicated in  that  teeth  are  inserted  on  the  cyst  wall,  possibly  even 
in  a  portion  of  bone,  and  that  other  higher  systems  of  tissue  may 
be  represented  in  the  contents  of  the  cyst.  It  is  probable  that 
the  pathogeny  of  dermoid  cysts  is  of  several  kinds.  In  one  class, 
which  is  chiefly  found  in  the  Hues  of  the  face  and  neck  corre- 
sponding to  the  branchial  clefts  in  the  foetus,  it  is  probable  that 
the  cyst  depends  upon  inclusion  in  the  deeper  tissues  of  a  portion 
of  the  epiblast  during  closure  of  the  clefts.  In  another  class 
the  dermoid  probably  represents  an  aborted  and  included  twin. 
And  in  a  third  class,  which  probably  includes  most  cases  of 
ovarian  dermoid,  the  cyst  is  held  to  depend  upon  the  aborted 
local  growth  of  an  ovum.  Whether  this  ovum  has  or  has  not 
been  actually  impregnated  is  doubtful,  but  the  general  opinion  at 
the  present  time  is  in  favour  of  the  view  that  impregnation  has 
not  occurred. 

It  is  generally  considered  that  retention-cysts  are  passive 
formations,  i.e.  that  secretion  goes  on  behind  an  obstruction,  and 
the  accumulated  secretion  passively  distends  the  duct  on  the 
proximal  side  of  the  obstruction.    Their  pathology  is  therefore 
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similar  to  that  of  a  dilated  and  distended  urinary  bladder  ni 
cases  of  impassable  stricture  of  the  urethra.  It  is  necessary, 
under  these  conditions,  that  the  secretion  should  be  able  to  take 
place  against  considerable  pressure,  and  therefore  one  would  not 
expect  to  find  cystic  dilatation  of  the  bile  ducts  a  common  con- 
dition, owing  to  the  low  pressure  under  which  bile  is  secreted. 
As  a  matter  of  fact,  cysts  in  the  hver  containing  bile  are  almost, 
if  not  quite,  unknown,  though  in  some  forms  of  jaundice  the  bile 
canaHcuh  throughout  the  liver  are  wider  than -normal.  The 
comparatively  rare  cysts  in  the  liver  contain  a  colourless  or 
straw-coloured  watery  fluid,  and  their  relation  to  former  bile  ducts 

is  very  doubtful.  , 

Eibbert,  however,  cannot  accept  the  view  that  the  retention- 
cysts  are  formed  in  the  way  described. -He  points  out  that  m 
the  ranula  the  lining  epitheUum  is  often  ciliated  and  the  cells  are 
markedly  columnar,  that  in  the  congenital  cystic  kidney  the 
epithelium  is  well  formed  though  not  always  cubical,  that  m 
ovarian  cysts  papilte  covered  by  a  well-marked  epithelmm  often 
project  into  the  cavity  of  the  cyst,  and' he  lays  stress  on  these  facts 
as  showing  that  the  fluid  in  the  cyst  is  not  under  pressure,  ior 
if  the  fluid  were  under  pressure  the  epithelial  cells  would  be 
flattened.    He  appHes  his  theory  of  growth-liberation  to^the 
cysts  also,  and  assumes  that  the  inherent  capacity  for  growth  of 
the  connective  tissue  forming  the  wall  of  the  obstructed  duct  is 
first  set  free;  this  alteration  of  tissue-tension  sets  free  the 
inherent  capacity  for  growth  of  the  epithelial  cells,  which  now 
proliferate  and  form  new  but  normal  epithelial  cells.    The  clefts 
and  spaces  in  a  fibro-cysto-adenoma  of  the  breast,  he  maintains 
are  formed  in  the  same  way.    Hence  this  view  imphes  that  fluid 
is  formed  to  fill  a  cyst,  and  not,  as  is  usually  beheved,  a  cyst  is 
formed  to  accommodate  fluid  that  has  already  collected. 

Eibbert's  observations  concerning  the  characters  of  the  epi- 
thelium lining  cysts  are  certainly  correct,  and  it  is  important  to 
remember  that  those  regions,  such  as  blood-vessels,  lymphatics, 
urinary-  and  gall-bladder,  which  normally  contain  flmds  under 
greater  or  less  degrees  of  pressure,  are  lined  by  a  flattened  epi- 
theUum. But  it  is  impossible  for  any  one  who  has  thrust  a  trocar 
into  a  hydrocele  or  an  ovarian  tumour,  or  who,  m  the  post- 
mortem room,  has  opened  a  cyst  in  a  granular  kidney,  to  beheve 
that  the  fluid  contained  in  these  cysts  is  not  under  pressure,  and 
in  some  instances  under  considerable  pressure.  In  the  case  ot 
papilhferous  ovarian  cysts  and  cystic  fibro- adenomata  the  matter 
is  more  diflicult.     For  here  we  undoubtedly  have  growth  of 
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epithelium,  and  though  in  cystic  fibro-adenoma  the  cysts  are  often 
more  nearly  represented  by  clefts  than  by  definite  cysts— an 
appearance  suggesting  that  they  are  subject  to  external  pressure 
— these  clefts  are  seen  to  a  greater  or  less  extent  even  in  the 
densest  fibro-adenoma,  and,  in  spite  of  this  fact,  the  epithehum 
does  not  appear  as  if  it  had  grown  under  pressure.  In  particular 
there  is  none  of  that  atrophy  which  we  are  accustomed  to  asso- 
ciate with  pressure  upon  cells.  Nevertheless,  we  do  not  know  the 
relations  of  pressure  to  cell  multiplication,  and  we  do  know  that 
in  an  abscess,  for  example,  living  and  apparently  normal  cells  may 
be  found  though  under  considerable  pressure,  so  that  it  is  well,  at 
present,  to  maintain  an  open  mind  upon  the  question. 
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CHAPTEK  XIII 

THE  PATHOLOGY  OF  VABIOUS  MOBBID  CONDITIONS 
WHICH  ABE  CHABACTEBISED  BY  ABNOBMALITIES 
OF  SECBETIONS  AND  EXCBETIONS 


Synopsis 

I.    General  Considerations. 

II.  The  Secretion  or  Excretion  is  ex- 

cessive. 

(i)  DiaiThoea.  '  y_ 

(ii)  Polyuria. 

(iii)  Hyperhidrosis. 

(iv)  Ptyalism.  j 
(v)  Galactorrhoea    and  Se- 

borrhcea.  ! 
(vi)  Mucus.  I  -VI. 

III.  Substances  normally  retained  are 

discharged  from  the  Body. 

(i)  Blood.  Yjj_ 

(ii)  Albumin. 

(iii)  Fat. 

(iv)  Sugar. 

(v)  Gastric  Contents. 

IV.    Substances    normally  discharged 
are  retained  within  the  Body, 
(i)  Faeces. 


(ii)  Urine  and  Urinary  Con- 

stituents. 

(iii)  Calculi. 

Substances  are  discharged  by  Ab- 
normal Paths. 

(i)  .Jaundice. 

(ii)  Fistula3  and  other  Con- 
ditions. 

Secretions  or  Excretions  contain 
Substances  not  normally  present 
in  the  Body. 

Morbid  Conditions  of  known  or 
suspected  dependence  upon 
alterations  in  Internal  Secre- 
tions. 

(i)  Thyroid. 

(ii)  Supra-renal  Bodies. 

(iii)  Pituitary  Body. 

(iv)  Sex-glands. 


The  mere  title  that  has  been  given  to  this  chapter  is  an  indica- 
tion that  under  it  will  be  considered  a  great  variety  of  morbid 
conditions,  many  of  which  have  no  clinical  relationship  with 
one  another.  The  only  alternative  method  to  the  one  adopted 
is  to  describe  each  secretion  or  excretion  by  itself.  ihis 
method,  though  easier,  is  imsatisfactory,  for  two  important 
reasons.  Firstly,  because  the  interest  of  a  secretion  or  excre- 
tion from  the  point  of  view  of  pathology  hes  not  m^  the 
secretion  or  excretion  itself,  but  in  the  conditions  of  the  body 
which  cause  abnormahties  of  that  secretion  or  excretion ;  and 
secondly,  because  the  inter-dependence  of  the  secretions  and 
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excretions  is  so  great  that  no  one  of  them  can  altogether  be 
considered  apart  from  the  others.  Here,  therefore,  after  giving 
a  short  description  of  the  general  processes  upon  which  changes 
in  the  secretions  and  excretions  may  depend,  we  shall  divide 
the  morbid  conditions  themselves  into  the  following  classes : 

Morbid  conditions  in  which  the  secretion  or  excretion  is  dis- 
charged in  abnormally  large  quantities. 

Morbid  conditions  in  which  substances  normally  retained  are 
•discharged  from  the  body. 

Morbid  conditions  in  which  substances  normally  discharged 
are  retained  within  the  body. 

Morbid  conditions  in  which  substances  are  discharged  from 
the  body  by  abnormal  paths. 

Morbid  conditions  in  which  the  secretions  or  excretions  con- 
tain substances  not  normally  present  in  the  body. 

Morbid  conditions  of  known  or  suspected  dependence  upon 
alterations  in  internal  secretions. 

A  perfect  pathology  would  indicate  the  cause  of  each  morbid 
condition,  the  tissues  upon  which  that  cause  acts,  and  the  pro- 
cesses whereby  interference  with  function  is  brought  about.  At 
present  we  have  but  scanty  knowledge  upon  many  of  these 
points ;  we  know  that  certain  end-results  are  produced,  but  of 
the  processes  leading  up  to  them  we  are  in  many  cases  com- 
pletely ignorant.  Hence  there  is  less  liability  to  error  in  working 
backwards  from  the  end-results  than  in  attempting  to  work  for- 
wards to  them. 

I.  General  Considerations. — The  distinction  generally  made 
between  a  secretion  and  an  excretion  is  that  whereas  a  secretion 
is  a  product  of  glandular  activity  destined  to  be  of  further  use  in 
the  body,  an  excretion  is  a  useless  product  of  glandular  activity 
and  is  destined  to  be  removed  from  the  body.  A  more  scientific 
method  of  separating  the  two  processes  is  that  advocated  by  Eose 
Bradford,  and  consists  in  regarding  as  excretions  those  products 
which  are  pre-existent  in  the  blood,  and  are  simply  separated 
from  it  by  the  gland  without  undergoing  any  modification  in  the 
glandular  protoplasm  ;  and  as  secretions  those  products  which 
are  indeed  separated  from  the  blood,  but  which,  in  addition, 
undergo  some  elaboration  in  the  gland-cells.  Thus  the  water  of 
pancreatic  secretion  upon  this  view  is  an  excretory  product,  the 
trypsin  (and  probably  also  the  saline  constituents  in  some  degree) 
are  secretory  products.  Hence  the  same  gland  may  have  both 
secretory  and  excretory  functions.  Nevertheless,  the  old  distinc- 
tion is  in  many  respects  a  useful  one,  and  will  often  be  employed 
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in  the  following  pages,  but  the  meaning  will  be  rendered  clear  by 
the  context. 

Those  glands  which  are  provided  with  ducts  yield  a  secretion 
which  can  be  recognised,  and  for  this  reason  they  are  often  said 
to  afford  an  '  external  secretion.'  Glandular  bodies,  such  as  the 
thyroid,  the  supra-renals,  the  pituitary  body,  have  no  ducts,  and 
since  it' has  been  found  that  from  them  substances  can  be  ob- 
tained which  have  marked,  and  in  many  cases  characteristic, 
effects,  it  is  usually  considered  that  these  bodies  elaborate 
materials  derived  from  the  blood,  and  return  the  altered  sub- 
stances directly  into  the  blood  without  the  aid  of  a  duct ;  they 
produce  no  '  external  secretion,'  but  they  produce  an  '  internal 
secretion.'  Some  glands  possess  both  kinds  of  secretion.  In 
the  case  of  the  liver,  bile  is  the  external  secretion,  glycogen  the 
internal  secretion.  In  the  case  of  the  pancreas,  too,  there  is 
much  reason  for  believing  that  besides  an  external  it  has  also 
an  internal  secretion.  In  other  glands,  such  as  the  kidney, 
testis,  and  ovary,  the  existence  of  an  internal  secretion  is  not 
proved,  though  it  is  quite  possible  that  one  exists. 

Whether  in  the  fully  formed  state  or  as  raw  material,  the 
constituents  of  every  excretion  or  secretion  of  a  gland  have  at 
one  time  or  other  circulated  in  the  blood.    To  this  statement 
there  is  no  exception.    But  along  with  the  true  product  of 
glandular  activity  we  may  have  other  substances  of  extraneous 
origin  which  may  be  looked  upon  as  contaminations.    Many  of 
these  contaminations  can  hardly  be  considered  of  hsemal  origin 
at  all.    Thus,  normal  urine  contains  epithelial  scales  from  the 
bladder  and  other  parts  of  the  urogenitary  tract,  normal  saliva 
contains  debris  of  epithelium  and  of  food,  normal  sweat  con- 
tains epithehal  scales,  and  so  on.    In  addition,  the  products  of 
glandular  activity  are  often  contaminated  by  bacteria,  and  m 
practically  all  of  them  a  certain  amount  of  mucus  is  present. 
These  contaminations  may  become  highly  important  in  patho- 
logical conditions,  though  they  are  unimportant  from  a  physio- 
logical point  of  view. 

The  blood-pressure  plays  a  great  part  in  the  formation  of  all 
glandular  secretions,  but  in  this  matter  the  mean  arterial  blood- 
pressure  (in  the  carotid,  for  example)  is  not  so  important  as  the 
blood-pressure  in  the  artery  supplying  the  secreting  gland.  Thus, 
in  the  kidney,  though  some  cases  of  pathological  polyuria  occur 
under  conditions  in  which  we  have  reason  to  believe  that  the 
mean  aortic  blood-pressure  is  increased,  and  though  there  is  no 
doubt  that  Ludwig  and  his  pupils  showed  the  great  dependence 
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of  renal  secretion  upon  aortic  blood-pressure,  yet  even  in  patho- 
logical conditions  a  high  aortic  blood-pressure  does  not  always 
co-exist  with  polyuria,  and  in  physiology  it  can  be  experimentally 
shown  that  the  two  conditions  often  go  in  opposite  directions. 
The  high  arterial  pressure  which  follows  upon  stimulation  of  the 
spinal  cord,  or  is  seen  in  asphyxia  and  in  poisoning  by  strychnine 
or  digitalis,  is  not  accompanied  by  an  increased  but  by  a  dimin- 
ished flow  of  urine,  the  reason  of  which  lies  in  the  fact  that  mider 
all  these  conditions  the  renal  arteries  share  in  the  general  vaso- 
constriction throughout  the  body.  But  if,  when  the  blood- 
pressure  is  high  from  one  or  other  of  these  causes,  the  renal 
nerves  are  divided,  spasm  of  the  renal  arteries  gives  place  to 
dilatation,  and  the  high  pressure  elsewhere  shows  its  effects  in 
the  kidney  by  an  increased  flow  of  urine.  Hence,  in  the  case  of 
the  kidney,  high  aortic  blood-pressure  can  only  be  associated  with 
an  increased  formation  of  urine  when  the  renal  blood-vessels  are 
at  the  same  time  widely  dilated. 

The  dilatation  of  the  renal  arteries  has  two  chief  results  with 
regard  to  the  blood-flow  through  the  kidney :  it  raises  the  capillary 
blood-pressure,  and  it  increases  the  rate  of  blood-flow  through  the 
organ.  According  to  the  greater  importance  attached  to  one  or 
other  of  these  results,  views  differ  as  to  the  essential  cause  of  the. 
increased  flow  of  urine,  some  authorities  considering  the  increased 
flow  as  evidence  of  increased  filtration  through  the  glomerular 
epithelium,  others  considering  it  as  dependent  upon  an  increased 
vital  activity  of  the  kidney  substance  itself.  Between  these  two 
views  it  is  at  present  impossible  to  decide  with  certainty,  but  in 
the  opinion  of  many  authors  the  balance  of  evidence  is  against  a 
purely  physical  explanation  even  for  the  separation  of  the  water 
ni  urine.  With  regard  to  the  constituents  of  urine  other  than 
water,  evidence  against  a  physical  mode  of  excretion — within  the 
range  of  ascertained  physical  processes^ — is  very  strong. 

But  the  mean  blood-pressure  is  not  of  equal  importance  in 
the  case  of  all  glands ;  thus,  it  has  a  more  directly  obvious  effect 
upon  renal  secretion  than  it  has  upon  the  secretion  of  such  a 
gland  as  the  submaxillary.  In  the  kidney  the  secretion  of  urine 
rises  and  falls  with  a  rise  and  fall  of  renal  blood-pressure,  but  in 
the  submaxillary  gland  a  secretion  of  saliva  may  be  obtained  by 
stimulating  the  chorda  tympani  after  the  head  of  the  animal  has 
been  cut  off  and  when  the  blood-pressure  must  therefore  have 
fallen  to  zero,  and  may  be  absent  though  the  blood-vessels  are 
widely  dilated,  as  when  stimulation  of  the  chorda  tympani  is 
carried  out  in  an  animal  under  the  influence  of  atropin..^ 
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This  brincrs  us  to  a  consideration  of  the  effects  of  nerve-action 
upon  secretion.    In  this  respect  there  is  a  very  great  difference 
between  different  glands.    The  salivary  and  the  sweat  glands  are 
well  provided  with  nerves,  both  of  cerebral  and  of  sympathetic 
origin  and  in  the  case  of  the  sahvary  glands  at  least  these  nerves 
are  associated  with  different  functions,  the  cerebral  nerves  (chorda 
tvmpani  and  nerve  of  Jacobson)  being  associated  with  the  separa- 
tion of  water  and  with  vaso-dilatation,  the  sjonpathetic  nerve 
beincr  associated  with  the  formation  of  the  soHds  of  the  secretion 
and  ^th  vaso-constriction.    The  sweat  glands  are  also  provided 
with  special  nerves.    These  leave  the  spinal  cord  by  the  anterior 
toots  in  the  dorsal  and  upper  lumbar  regions,  and  then  enter  the 
sympathetic-  system.    In  the  case  of  the  head  and  neck  the 
hidrotic  fibres  run  with  the  sympathetic,  but  in  the  limbs  they 
run  with  the  spinal  nerves,  having  joined  them  after  leaving  the 
sympathetic.    In  all  cases  hidrotic  nerves  are  closely  bound  up 
with  vaso-motor  nerves,  but  are  distinct  from  them.    In  the  case 
of  some  other  glands  the  existence  of  definite  secretory  nerves  is 
doubtful.   Thus,  Pawlow  has  determined  that  secretion  of  gastric 
juice  is  in  some  way  bound  up  with  continuity  of  the  vagus 
nerve,  and  in  the  kidney  it  has  been  shown  by  Berkley  that 
around  the  tubules  and  glomeruli  there  is  a  dense  network  of 
nerves.    Bile,  pancreatic  juice,  the  secretion  of  the  sebaceous 
glands,  including  the  mamma,  are  all,  so  far  as  is  known  at 
present,  formed  without  the  intervention  of  other  nerves  than 
those  which  control  the  vascular  conditions  of  the  glands  in 

question.  •  j  i 

Aud  yet  the  formation  of  secretions  generally  is  influenced  by 
the  central  nervous  system.    The  sahvation  which  accompanies 
thought  of  food,  the  arrest  of  sahvary  flow  which  is  associated 
with  fear,  the  sweating  and  the  increased  flow  of  urine  which 
accompany  mental  emotions  of  different  kinds,  the  arrest  of  milk 
secretion  that  may  follow  upon  a  sudden  fright,  are  all  evidence 
that  secretory  processes  are  controlled  by  cerebral  processes.  In 
some  cases  the  glandular  activity  or  quiescence  is  manifestly  the 
result  of  a  reflex  nervous  process ;  thus,  the  salivary  flow  that 
follows  when  dilute  acetic  acid  is  placed  upon  the  tongue  is  a 
reflex  act,  in  which  the  lingual  and  glosso-pharyngeal  nerves 
convey  afferent  impulses.    In  other  cases  the  process  is  not  so 
certainly  reflex;  the  fact  that  gastric  secretion  is  poured  out 
when  food  is  masticated,  but  is  prevented  from  reaching  the 
stomach  by  ligature  of  the  oesophagus,  at  first  seems  to '  suggest 
that  gastric  secretion  is  a  reflex  act.    In  part  it  may  be  so,  but 
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since  soluble  and  digestible  substances  produce  a  far  more  copious 
flow  of  gastric  juice  than  hard  and  indigestible  substances,  it  is 
probable  that  secretion  by  the  gastric  glands  depends — at  least  in 
part — upon  their  direct  stimulation  by  substances  absorbed  from 
the  food  and  carried  to  the  stomach  by  the  blood-stream.  Pawlow 
believes  that  secretion  of  gastric  juice  is  always  a  reflex  act,  but 
is  largely  called  forth  by  psychic  processes. 

The  selective  influence  which  is  exercised  by  the  different 
glands  upon  substances  presented  to  them  in  the  blood  is  so  well 
known  that  it  needs  no  repetition  here.  In  disease  this  selective 
influence  is  still  present  in  most  cases,  but  the  inter-dependence 
of  glands  often  comes  into  view  in  a  way  which  it  does  not  under 
normal  circumstances.  Thus,  when  the  kidney  is  unable  to 
remove  urea,  that  substance  may  be  removed  by  the  gastric  and 
sweat  glands  ;  when  the  kidney  is  unable  to  remove  a  sufficient 
quantity  of  water,  it  may  be  removed  by  gastric  glands  and  lead 
to  vomiting,  or  by  intestinal  glands  and  lead  to  diarrhcBa.  Drugs, 
too,  have  a  selective  influence  upon  different  glands  ;  thus  the 
whole  class  of  diuretic  substances  acts  essentially  upon  the  kidney, 
pilocarpine  and  atropin  act  markedly  upon  sweat  glands,  mercury 
and  atropin  upon  salivary  glands,  while  the  action  of  belladonna 
(atropin)  in  bringing  about  arrest  of  milk-secretion  is  so  pro- 
nounced as  almost  to  be  specific. 

This  short  sketch  of  secretion  and  excretion  generally  must 
suffice.  It  is  sufficient  to  show  that  in  considering  the  pathology 
of  morbid  conditions  accompanied  by  abnormalities  in  secretions 
or  excretions  we  shall  find  in  some  cases  that  the  fault  lies  in 
the  gland  itself,  whether  its  protoplasm  or  its  duct,  in  some  cases 
that  the  fault  lies  in  the  blood  with  all  the  conditions  which  that 
implies,  in  some  cases  that  it  lies  in  the  nervous  system. 

II.  Mopbid  Conditions  in  which  the  Secretion  or  Excretion 
is  discharg-ed  in  abnormally  large  Quantities. — The  quantities 
in  which  a  secretion  is  normally  poured  out  probably  vary  within 
very  wide  limits  ;  but  as  to  what  these  limits  are  we  have  very  little 
knowledge  except  in  the  case  of  those  materials  which  are  dis- 
charged from  the  body  in  the  form  of  urine  and  faeces.  We  know, 
however,  that  in  '  diabetes  insipidus  '  the  quantity  of  urine  passed 
in  the  day  may  in  some  cases  be  ten  times  as  great  as  normal ; 
that  in  diarrhoea  the  material  leaving  the  body  by  the  bowel  is 
increased  ;  that  in  galactorrhoea  there  is  an  excessive  flow  of  milk  ; 
in  ptyalism  an  excessive  flow  of  saliva  ;  in  hyperhidrosis  an  exces- 
sive flow  of  sweat ;  in  seborrhoea  an  excessive  formation  of  sebum. 
And  in  all  these  conditions  the  secretion  or  excretion  is  discharged 
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in  quantities  that  it  is  utterly  impossible  to  regard  as  within 
normal  limits.  Moreover,  the  pathological  nature  of  these  states 
is  in  most  instances,  if  not  in  all,  indicated  by  the  fact  that  the 
secretion  or  excretion  itself  differs  from  the  normal. 

Almost  invariably  the  excessive  discharge  depends  upon  the 
presence  of  an. excessive  proportion  of  water.  This  is  notably 
the  case  in  diabetes  insipidus,  where  the  urine,  instead  of  having 
a  specific  gravity  of  1020  or  thereabouts,  may  perhaps  have  a 
specific  gravity  of  1002  ;  and  in  diarrhoea  the  substitution  of  a 
watery  discharge  in  place  of  the  normal  semi-soHd  faeces  also 
gives  evidence  of  an  abnormally  large  discharge  of  water.  The 
same  is  true  in  ptyalism  and  in  hyperhidrosis,  for,  the  sahva  and 
sweat  being  little  more  than  water,  an  excessive  discharge  of 
either  means  a  corresponding  increase  in  loss  of  water ;  in 
galactorrhoea,  also,  the  milk  becomes  thin  and  opalescent.  In 
seborrhoea  the  secretion  is  also  modified,  but  it  is  probable  that 
here  the  increase  does  not  depend  upon  an  increased  discharge  of 
water,  since  the  sebum  maintains  its  normal  fatty  nature,  though 
it  becomes  thinner  and  more  of  the  consistency  of  oil. 

(i)  Diarrhoea. — Diarrhoea  is  a  symptom  of  many  diseases  both 
grave  and  trifling.    When  we  consider  that  normally  the  intes- 
tinal contents  are  fluid  through  nearly  the  whole  length  of  the 
small  and  large  intestine ;  that  digestive  fluids  are  poured  into 
the  bowel  probably  in  large  quantities  over  a  great  portion  of  its 
length  ;  that  absorption  of  fluid  takes  place  over  the  whole  length 
of  the  bowel,  and  particularly  in  the  lower  portion  of  the  large 
intestine ;  that  during  their  sojourn  in  the  bowel  the  intestinal 
contents  are  subjected  to  constant  muscular  movements,  the 
general  tendency  of  which  is  to  drive  them  towards  the  anus  ;  and 
that  the  muscular  and  glandular  processes  are  subject  to  the 
nervous  system,  it  is  clear  that  diarrhoea  may  depend  (1)  upon 
excessive  output  of  fluid  into  the  bowel,  (2)  upon  insufficient 
absorption  of  fluid  from  the  bowel,  (3)  upon  excessive  peristalsis, 
or  (4)  upon  defects  in  nervous  control.    And  this,  without  taking 
into  account  the  fact   that   the   whole  digestive  mechanism, 
considered  in  the  widest  sense,  is  liable  to  diseases  of  various 
kinds. 

But  the  effects  of  disease  may  be  summarily  dismissed,  for  they 
act  only  through  the  medium  of  the  four  processes  that  have  just 
been  mentioned. 

In  most  cases  several  of  the  four  causes  conjoin  in  the  pro- 
duction of  diarrhoea.  Thus,  when  the  condition  follows  upon 
ingestion  of  some  irritating  material,  not  only  is  peristalsis  more 
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vigorous,  but  on  that  very  account  a  shorter  time  is  allowed 
during  which  absorption  can  take  place,  and,  in  addition,  it  is 
probable  that  the  intestinal  glands  pour  forth  a  greater  amount 
of  fluid  (in  particular,  mucus)  than  normal  in  answer  to  the 
irritation.  The  diarrhoea  which  is  associated  with  infective 
disease  generally,  but  especially  with  cholera  and  typhoid  fever, 
probably  owns  the  same  combination  of  causes.  In  all  these  cases 
there  is,  besides,  reason  to  believe  that  absorption  is  actively 
diminished,  apart  from  the  shorter  sojourn  of  the  intestinal 
contents  within  the  body  ;  at  any  rate,  there  is  clear  evidence 
that  absorption  does  not  necessarily  take  place  merely  because 
a  fluid  is  brought  into  contact  with  a  tissue  which  normally 
absorbs  such  fluid. 

On  the  other  hand,  in  some  cases  one  or  other  of  the  causes 
mentioned  is  so  prominent  that  it  overshadows  the  rest.  Thus 
the  purging  which  follows  administration  of  such  a  drug  as 
croton  oil  essentially  depends  upon  an  increased  rate  of  peristalsis, 
that  w^hich  follows  administration  of  magnesium  sulphate 
essentially  depends  upon  a  great  increase  in  the  amount  of  fluid 
poured  into  the  bowel.  Again,  the  '  spurious  '  diarrhoea  which 
accompanies  the  later  stages  of  chronic  obstruction  of  the  lower 
portion  of  the  large  intestine  is  essentially  due  to  failure  of 
absorption ;  for  in  these  cases  the  intestinal  wall  above  the 
obstruction  is  covered  by  a  thick  coat  of  hard  faeces— the 
accumulation  of  weeks  or  months — and  the  liquid  intestinal 
contents  from  which  alone  absorption  could  take  place  are  not 
brought  into  contact  with  the  intestinal  wall  at  all.  So,  too,  the 
diarrhoea  associated  with  various  mental  states  is  probably 
dependent  upon  increased  peristalsis  alone. 

When,  therefore,  the  pathological  anatomy  of  any  particular 
case  accompanied  by  diarrhoea  is  known,  it  is  generally  easy  to 
determine  upon  what  cause  or  causes  that  diarrhoea  essentially 
depends.  Even  then,  however,  the  enquiry  has  only  been  shifted 
one  stage  further  back  in  a  large  number  of  cases ;  it  is  easy  to 
state  the  fact  that  '  croton  oil  increases  peristalsis,'  but  it  is  at 
present  impossible  to  say  how  it  does  so. 

(ii)  Polyuria. — Under  the  name  polyuria  are  included  many 
different  morbid  conditions,  in  all  of  which,  however,  the  flow  of 
urine  is  increased.  The  most  marked  of  these  is  'diabetes 
insipidus,'  in  which,  as  has  already  been  mentioned,  the  amount 
of  urine  passed  in  the  twenty-four  hours  may  be  increased  ten- 
fold. Under  the  name  diabetes  insipidus  we  have  to  distmguish 
two  conditions:  (a)  that  in  which  there  is  an  excessive  flow  of 
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\Yater,  bat  in  which  the  total  excretion  per  diem  of  soHd  urinary 
constituents  undergoes  hardly  any  change;   (h)  that  in  which 
besides  an  excessive  flow  of  water  one  or  other  of  the  solid  con- 
stituents undergoes  an  alteration  in  amount  of  excretion,  that 
alteration  being  generally  in  the  direction  of  excess.    One  there- 
fore distinguishes  hydruria,  azoturia  (when  there  is  excessive 
excretion  of  urea),  anazoturia  (when  there  is  a  deficient  ex- 
cretion of  urea),  phosphaturia  (Tessier).    More  common  than 
diabetes  insipidus  is  diabetes  mellitus,  but  the  latter  condition 
has  characters  so  pecuHar  and  important  that  it  will  be  con- 
sidered by  itself  and  in  connection  with  the  sugar  present  in  the 
urine.    Nevertheless,  it  is  probable  that  the  excessive  flow  of 
urine  in  diabetes  mellitus  is  of  essentially  the  same  kind  as  the 
excessive  flow  in  phosphaturia  or  azoturia  and  perhaps  also  in 
hydi-uria.    A  fairly  common  condition  in  which  polyuria  occurs 
is  hysteria  ;  where  hysterical  patients  do  not  manifest  a  marked 
deficiency  in  excretion  of  urine  they  often  manifest  a  polyuria 
which  is  usually  well  marked  in  connection  with  hysterical 
attacks.    Most  common  of  all  morbid  conditions,  however,  in 
which  the  secretion  of  urine  is  increased,  is  that  associated  with 
chronic  renal  fibrosis  (chronic  granular  kidney).    The  polyuria 
is  here  not  great,  but  it  is  definite  and  it  may  persist  for  years. 
Of  all  conditions  leading  to  polyuria  these  five  are  by  far  the 
most  important. 

The  pathology  of  polyuria  generally  is  uncertain.    We  may 
perhaps  associate  the  polyuria  accompanying  chronic  fibrosis  of 
the  kidney  with  increased  blood-pressure.    The  left  ventricle  of 
persons  whose  kidneys  are   shrunken  and   fibrotic   is  almost 
always  greatly  hypertrophied,  while  at  the  same  time  the  smaller 
arteries  throughout  the  body  are  generally  the  seat  of  arterio- 
sclerosis.   As  a  result  of  these  two  conditions  the  blood-pressure 
in  subjects  of  chronic  granular  kidney  is  high,  and  this  may 
explain  the  polyuria.    This  at  least  is  the  view  put  forward  by 
Cohnheim  and  held  by  many  authorities  at  the  present  day.  In 
the  case  of  diabetes  insipidus  it  is  generally  held  that  the  m- 
ci-eased  flow  of  urine  is  due  to  a  local  diminution  of  pressure  m 
the  renal  artery  brought  about  by  nervous  causes  through  the 
medium  of  vaso-motor  nerves.    In  favour  of  this  view  it  is 
pointed  out  that  injuries  of  the  brain  and  tumours,  especially 
those  in  the  region  of  the  fourth  ventricle,  are  often  found  to  be 
associated  with  the  condition. 

But  it  is  a  question  whether  all  forms  of  polyuria  must  be 
referred  to  an  increase  in  the  amount  of  blood  that  passes 
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through  the  glomeruH  in  unit  time  or  to  increased  glomerular 
blood-pressure.  In  other  words,  it  is  a  question  whether  varia- 
tions in  amount  of  urine  may  not  be  to  some  extent  independent 
of  the  circulation.  Ludwig  long  ago  suggested  that  water  is 
.absorbed  from  the  urine  during  its  passage  down  the  urinary 
tubules.  This  view,  which  derives  some  support  a  priori  from, 
the  anatomical  arrangement  of  blood-vessels  and  tubules  in  the 
kidney,  has  received  experimental  support  at  the  hands  of 
Ludwig,  Hermann,  Heidenhain,  and  others.  Tuffier  found  that 
.a  solution  of  strychnine  placed  in  the  pelvis  of  the  kidney  is 
absorbed  and  the  drug  manifests  its  physiological  action.  Huber 
came  to  the  conclusion  that  absorption  takes  place  from  the 
tubules  and  not  from  the  pelvis  of  the  kidney  at  all,  but  that 
absorption  actually  does  take  place  he  showed  by  filling  the 
pelvis  with  a  solution  of  potassium  iodide  under  a  pressure  of 
about  38  mm.  of  water ;  he  recognised  the  drug  in  a  short  time  in  . 
the  saliva  of  the  animal.  Hence  there  is  some  reason  to  beheve 
that  a  transference  of  fluid  can  take  place  from  the  urinary 
tubules  to  the  blood-vessels  under  normal  conditions.  Further 
—  whether  we  regard  it  as  evidence  of  osmosis  or  as  evidence  of 
secretion— there  is  no  doubt  that  when  a  strong  solution  of  a 
crystalloid  is  separated  from  the  blood  by  a  thin  living  mem- 
brane, it  is  in  the  highest  degree  common  for  fluid  to  pass  from 
the  blood  through  the  membrane  to  the  solution  of  crystalloid. 

Now,  it  is  conceivable,  even  if  the  output  of  the  glomerular 
blood-vessels  remained  constant,  that  polyuria  might  be  pro- 
duced either  by  a  failure  of  absorption  in  the  kidney  or  by  an 
increased  output  of  fluid  from  the  blood-vessels  into  the  urinary 
tubules. 

In  the  cases  of  diabetes  mellitus,  of  phosphaturia,  and  of  azotuna 
the  percentages  of  sugar,  of  phosphate,  of  urea  in  the  urine  are 
areater  than  they  are  in  the  blood,  and  so  long  as  the  urmes  m 
these  diseases  were  separated  from  the  blood  by  a  thin  membrane, 
as  they  were  while  passing  along  the  urinary  tubules,  it  is  reason- 
able to  suppose  that  fluid  passed  into  them  from  the  blood. 
But  even  if  that  were  actually  not  the  case,  absorption  of  more 
highly  concentrated  solutions  of  crystalloids  takes  place  from 
peritoneal  or  pleural  cavity  less  rapidly  than  absorption  of  more 
dilute  solutions.  So  that  if  it  be  allowed  that  there  is  an  inter- 
change of  fluid  between  the  urinary  tubules  and  the  capillaiies 
that  surround  them,  the  existence  of  polyuria  in  diabetes  mellitus 
in  phosphaturia,  and  in  azoturia  becomes  mtelhgible  ;  eitner 
would  depend  upon  an  actual  increment  of  fluid  in  the  urinar} 
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tubules,  and  this  seems  the  more  probable,  or  it.  would  depend 
upon  a 'diminished  absorption  of  fluid  from  these  ducts. 

In  the  case  of  chronic  granular  kidney  also  it  seems  more 
reasonable  to  associate  the  polyuria  with  diminished  absorption 
than  with  increased  secretion.    Even  if  it  be  granted  that  the 
aortic  blood-pressure  in  such  cases  is  increased,  the  dimmution 
in  numbers  of  glomeruli,  the  thickness  and  rigidity  of  the  renal 
blood-vessels,  which  are  characteristic  of  the  fibrotic  kidney, 
argue  rather 'for  a  diminished  total  output  of  urine  through  the 
glomeruli  than  for  an  increased  total  output.    But  examination 
of  a  microscopical  section  of  such  a  kidney  renders  it  in  the 
highest  degi-ee  probable— once  the  possibihty  of  absorption  from 
the  urinary  tubules  is  allowed— that  in  such  a  kidney  absorption 
must  be  reduced  to  a  very  low  point.    The  large  amount  of 
fibrous  tissue   which   separates  individual   tubules,   which  is 
situated  in  a  region  where  normally  the  amount   of  fibrous 
tissue  is  minimal,  and  which  surrounds  the  inter-tubal  blood- 
vessels as  with  a  thick  sheath,  must  present  a  great  obstacle  to 
the  passage  of  fluid  from  the  urinary  tubules  to  the  blood- 
vessels.   If  absorption  takes  place  at  all  in  the  normal  kidney 
the  contracted   granular  kidney  is   essentially  one  in  which 
absorption  would  be  prevented. 

In  the  case  of  simple  hydruria  (as  in  the  case  of  hysterical 
polyuria)  we   have  nothing  to  help  us.     The  kidney  shows 
practically  no  morbid  changes,  the  urine  shows  the  presence  of 
no  abnormal  amount  of  crystalloid.    There  remains  only  the 
fact  that  the  onset  of  hydruria  is  said  not  infrequently  to  follow 
upon  various  brain  conditions  which  are  often  of  an  obsciu:e 
kind    But  even  if  this  be  the  case  we  are  no  nearer  to  an 
elucidation  of  the  pathology  of  hydruria,  for  it  would  be  m  the 
highest  degree  astonishing  if  these  lesions  were  able  to  induce  a 
relaxation  confined  to  the  renal  blood-vessels  alone.    That  they 
might  cause  paralysis  of  vaso-motors  generally  is  conceivable,  but 
in  that  case  the  mean  blood-pressure  would  fall  and  the  secretion 
of  urine,  though-  it  might  be  somewhat  increased,  would  cer- 
tainly not  be  increased  as  it  is  in  hydruria.    For  the  production 
of  hydruria  by  vaso-motor  changes  alone  it  is  at  least  necessary 
that  the  cerebral  lesion  should  single  out  the  renal  vaso-motor 
nerves  for  paralysis,  a  condition  that  would  be  so  remarkable 
that  one  is  justified  in  asking  whether  the  cerebral  conditions 
have  any  causal  relationship  with  the  hydruria  at  all.    It  must 
be  confessed,  however,  that  no  better  explanation  can  be  put  m 
its  place ;  the  idea  that  hydruria  depends  upon  a  diminished 


634  MORBID  SECRETIONS  AND  EXCRETIONS 


absorption  of  water  in  the  kidney  suggests  itself,  but  is  a  pure 
surmise. 

(iii)  Hyperhidrosis.— The  secretion  of  an  abnormally  large 
amount  of  sweat  may  be  more  or  less  general,  as  in  the  critical 
sweating  of  fever,  the  night-sweats  accompanying  pulmonary 
tuberculosis,  or  the  sweat  of  collapse ;  or  it  may  be  strictly 
localised  as  in  the  unilateral  sweating  of  the  face  and  neck  that 
sometimes  accompanies  aneurysm  pressing  upon  the  sympathetic 
nerve.  In  some  cases  sweating  is  due  to  central  causes,  as  for 
example  when  it  is  called  forth  by  emotions ;  in  other  cases,  to 
direct  stimulation  of  hidrotic  nerves,  as  when  a  tumour  presses 
on  the  sympathetic.  Frequently  hyperhidrosis  is  reflex,  being 
brought  forth  by  pain,  e.g.  the  pain  accompanying  passage 
of  a  renal  or  a  biliary  calculus.  But  sometimes  the  sweating 
seems  to  approach  more  to  the  condition  (known  as  'paralytic 
secretion '  of  saliva)  which  follows  upon  section  of  the  chorda 
tympani.  The  hidrotic  nerves  being  closely  bound  up  with  the 
vaso-motors,  vascular  changes,  and,  in  particular,  dilatation  of 
arteries,  accompany  hyperhidrosis.  But  this  is  not  always  the 
case,  for  in  the  'cold  sweats'  of  pulmonary  tuberculosis  the  sldn 
is  often  anaemic  and  cold. 

(iv)  Ptyalism. — Ptyalism  is  chiefly  associated  with  tumours 
of  the  medulla  oblongata  (biilbar  paralysis)  and  with  poisoning 
by  mercury  and  by  the  bromides  and  iodides.  In  bulbar  paralysis 
it  is  possible  that  the  salivation  may  in  part  be  spurious  and 
dependent  only  upon  a  difficulty  in  retaining  and  in  swallowing 
the  saliva.  But  it  is  probable  that  there  is  in  addition  an  actual 
excess  of  saliva  secretion.  Whether  this  would  then  depend 
upon  irritation  of  a  centre  in  the  bulb,  or  upon  a  condition  akin 
to  that  of  paralytic  secretion,  it  is  impossible  to  say.  Cohnheim 
gives  his  verdict  in  favour  of  the  former  explanation  because  of 
the  length  of  time  that  a  patient  suffering  from  bulbar  paralysis 
may  exhibit  ptyalism,  and  in  this  view  he  is  followed  by  most 
modern  writers,  though  not  by  all.  The  ptyalism  following 
administration  of  iodides  in  large  quantity  seems  to  depend  upon 
the  fact  that  these  salts  are  selectively  excreted  by  the  saliva. 
The  ptj'alism  following  administration  of  mercury  is  probably 
reflex  and  is  induced  by  the  stomatitis  which  is  present  m 
such  cases. 

(v)  Galactorrhoea  and  Seboprhoea. — The  pathology  of  galac- 
torrhoea  and  of  seborrhcBa  is  unknown,  but  perhaps  they  depend 
upon  conditions  similar  to  those  which  obtain  in  the  later  stages 
of  '  paralytic  secretion  '  of  saliva.    When  the  chorda  tympani  has 
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been  cut  there  results  a  hyper-secretion  of  saliva  which  is  of 
nervous  origin  and  which,  for  one  or  two  days  after  division  of  the 
chorda  tynipani,  can  be  stopped  by  division  of  the  sympathetic 
on  the  same  side.    But  if,  division  of  the  sympathetic  be  delayed 
for  more  than  about  two  days,  its  section  has  no  effect  upon  the 
flow  of  saliva  at  all ;  ptyahsm  goes  on  as  before,  but  brings  along 
with  it  an  atrophy  of  the  gland.    In  the  case  of  the  breast  and 
sebaceous  glands,  definite  secretory  nerves  are  not  known  to  exist 
so  that  we  cannot  speak  of  a  true  '  paralytic  secretion.'    But  just 
as  local  changes  in  a  salivary  gland  severed  from  its  nervous  con- 
nections can  lead  to  a  hyper-secretion  of  sahva,  so  it  is  possible 
that  local  changes  in  breast  or  in  sebaceous  glands  may  lead  to 
a  hyper-secretion  of  milk  or  of  sebum  respectively.    What  those 
local  changes  are,  however,  it  is  impossible  to  say. 

(vi)  Mucus.— Beference  has  already  been  made  to  mucus  m 
connection  with  the  mucoid  change  (p.  458).    Mucus  is  produced 
in  abnormally  large  quantities  whenever  a  mucous  membrane, 
whatever  its  situation,  is  subjected  to  the  action  of  an  irritant. 
Whether  animal  parasites  irritate  the  rectum  or  acrid  gases  the 
bronchi,  whether  a  polypus  irritates  the  cervix  uteri  or  gonococci 
the  conjunctiva,  the  result  is  always  an  excessive  formation  ot 
mucus.    But  the  pathology  of  this  hyper-secretion  is  uncertain 
We  know,  in  such  a  mucous  gland  as  the  submaxillary,  that 
storage  of.  granules  occurs  in  the  cells  when  the  glands  are 
'restintr '  or  when  the  sympathetic  is  stimulated  ;  we  know  also 
that  some  at  least  of  these  granules  are  mucigenous  and  become 
converted  into  mucin  after  they  have  been  discharged  from  the 
cells.    But  whether  we  may  apply  this  knowledge  to  the  excessive 
formation  of  mucus  that  accompanies  irritation  of  a  mucous 
membrane  is  doubtful.    For  in  the  mucous  membranes  generally, 
one  finds  simple  crypts  or  isolated  goblet-cells  rather  than  glands 
supphed  with  a  perfect  nervous  supply  such  as  that  ot  the  suD- 
maxillary  gland.    And  though  it  is  possible  that  excessive  forma- 
tion of  mucus  may  depend  upon  an  abnormally  large  secretion  ot 
mucigen,  it  is  probable  that  the  process  approximates  more 
closely  to  mucoid  degeneration. 

As  it  is  not  proposed  to  make  a  special  class  of  morbid  states 
in  which  the  secretions  and  excretions  are  discharged  m  abnormally 
small  quantities,  but  to  consider  conditions  such  as  constipation, 
anuria,  etc.,  under  another  heading,  it  will  be  well  ]ust  to  mention 
here  that  morbid  states  are  known  in  which  secretions  are  arrested 
or  greatly  diminished.    Thus,  in  xerostomia,  little  or  no  sahva  is 
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secreted,  with  the  result  that  the  mouth  is  dry  and  the  tongue 
becomes  cracked  ;  in  xeroderma,  secretion  of  sebum  fails  and  the 
skin  becomes  hard,  dry,  and  cracked.  In  diabetes  mellitus,  and  in 
renal  disease,  secretion  of  sweat  is  diminished,  as  it  is  also  during 
the  height  of  fever.  It  has  already  been  said  that  there  is  reason 
to  beheve  that  in  fever  all  digestive  secretions  are  diminished ;  in 
the  case  of  saliva  this  is  markedly  the  case.  The  pathology  of 
many  of  these  conditions  is  not  clear,  but  in  the  case  of  sweat 
and  saliva  the  fundamental  cause  is  probably  nervous. 

III.  Morbid  Conditions  in  which  Substances  normally 
retained  are  discharg-ed  from  the  Body.— This  class  of  morbid 
condition  becomes  highly  important  from  the  fact  that  continued 
loss  of  material  which  is  normally  retained  within  the  body  leads 
to  mal-nutrition  and  wasting.  But  though  progressive  emaciation 
especially  characterises  the  diseases  of  this  group  it  also  occurs  in 
some  diseases  of  the  last  group.  Thus,  profuse  and  continued 
diarrhoea,  galactorrhoea,  and  '  diabetes  insipidus '  lead  to  great 
wasting,  while  the  excessive  sweating  that  occurs  in  many  cases  of 
pulmonary  tuberculosis  is  an  important  cause  of  the  great  wasting 
characteristic  of  consumptive  patients.  From  this  point  of  view 
the  last  group  is  but  a  special  sub-division  of  the  present  one. 

The  chief  materials  that  call  for  notice  in  this  section  of  the 
present  chapter  are  (1)  blood,  (2)  albumin,  (3)  fat,  (4)  sugar, 
(5)  gastric  contents,  and  they  will  be  considered  in  this  order. 

(i)  The  Substance  discharged  is  BLOOD. — The  whole  question 
of  hsemorrhage  having  been  considered  in  a  previous  chapter  we 
shall  leave  entirely  on  one  side  conditions  such  as  epistaxis, 
hfemoptysis,  liEBmatemesis,  menorrhagia,  metrorrhagia,  haemophilia, 
etc.,  in  which  the  morbid  condition  is  one  of  haemorrhage  differing 
only  in  detail  from  the  hfemorrhage  that  results  from  severing  an 
artery.  Moreover,  the  blood  lost  in  these  morbid  conditions  is 
only  accidentally  found  in  a  secretion  or  excretion — it  is  not  an 
integral  part  thereof,  as  is  the  blood  in  the  conditions  immediately 
to  be  noticed.  Passing  over  the  rare  cases  in  which  blood  is 
secreted  with  the  sweat  (hgemathidrosis),  if  indeed  such  a  condition 
really  exists,  we  have  to  consider  the  loss  of  blood  in  {a)  the  faeces 
and  in  (b)  the  urine. 

{a)  When  blood  is  passed  with  the  stools  it  may  either  present 
the  normal  appearance  of  blood,  or  a  condition  (melaena)  may  be 
produced  in  which  the  stools  are  of  the  appearance  and  consis- 
tency of  tar,  or  a  condition  midway  between  the  two  may  be 
presented.  When  the  blood  is  of  normal  appearance  it  is  certain 
that  the  seat  of  haemorrhage  is  not  far  above  the  anus.  Almost 


DISCHARGE  OF  BLOOD 


537 


any  morbid  condition  of  the  rectum  may  be  accompanied  by  the 
passac^e  of  bright  blood,  but  the  commonest  is  haemorrhoids. 
In  melfena,  on  the  other  hand,  the  seat  of  hasmorrhage  must 
have  been  high  in  the  ahmentary  tract  and  probably  not  lower 
than  the  duodenum.    Thus  the  stools  may  be  tarry  if  profuse 
bleeding  from  the  nose  have  taken  place  and  the  blood  have  been 
swallowed,  though  a  far  commoner  cause  of  melsena  is  the  gastric 
htemorrhage  which  arises  in  the  course  of  either  gastric  ulcer  or 
alcoholic  cirrhosis  of  the  liver.    So,  too,  melsena  occurs  when  the 
seat  of  hEemorrhage  is  a  duodenal  ulcer,  thou.^h  this  is  denied  by 
some  observers.    When  bleeding  takes  place  from  the  mucous 
membrane  of  the  lower  portion  of  the  small  intestine  or  from  the 
colon,  the  blood  is  not  subjected  to  digestive  processes  either  in 
the  same  degree,  or  of  the  same  kind,  or  for  the  same  length  of 
time,  as  it  is  when  poured  out  high  up  in  the  ahmentary  canal,  and 
the  blood  itself  is  therefore  less  altered.    In  typhoid  fever,  for 
example,  though  heemorrhage  may  be  very  copious,  the  stools  are 
not  tarry,  though  they  may  be  dark;  often  they  show  the  presence 
of  solid  masses  of  disintegrating  blood-clot.    Indeed,  the  more 
copious  the  hemorrhage  in  typhoid  fever,  the  less  alteration  there 
is  m  the  blood  itself.    Small  hemorrhages  in  typhoid  fever  may 
only  be  shown  by  the  presence  of  a  granular  deposit  having  a 
brown,  grey,  or  black  colour  at  the  bottom  of  the  vessel  in  which 
the  motion  has  been  kept.    In  ulcerative  coHtis,  too,  a  disease  m 
which  hsemorrhage,  although  very  constant,  is  usually  shght, 
the  presence  of  blood  need  not  necessarily  be  recognised  as  such 
but  by  a  granular  deposit  similar  to  that  which  has  been  mentioned 
above. 

When  blood  is  lost  by  the  bowels  it  is  only  on  rare  occasions, 
and  especially  if  the  hemorrhage  has  come  from  very  low  down 
or  has  been  excessively  copious,  that  blood  corpuscles  themselves 
are  found  in  the  motions.  As  a  rule  the  blood  has  been  dis- 
integrated and  the  colouring  matter  is  present  either  in  the  form 
of  hse.matin  or  of  larger  or  smaller  masses  of  hematoidin  ;  occasion- 
ally the  hematoidin  is  present  in  the  form  of  rhombic  crystals. 
With  reference  to  the  other  changes  that  have  been  mentioned, 
and  particularly  that  which  characterises  melena,  there  is  some 
doubt.  Probably  the  black  colour  is  due  to  the  action  of  the 
gastric  juice  and  that  this  is  so  is  supported  by  the  black  colour 
of  the  minute  masses  of  blood  in  '  coffee-ground  vomit.'  But  it 
must  also  be  remembered  that  a  black  sulphide  of  iron  results  from 
the  inter-action  of  the  iron  of  the  corpuscles  and  sulphuretted 
hydrogen  from  the  intestine,  and  that  this  reaction  may  also 
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enter  into  the  question.  It  is  noteworthy  in  this  connection  that 
blood  in  the  intestinal  tract  at  an  autopsy  is  always  black  and  it 
is  possible  that  the  length  of  time  which  the  blood  remains  in  the 
bowel  during  life  influences  the  colour  it  assumes  in  the  motions. 
It  is  clear  that  blood  derived  from  a  gastric .  ulcer,  for  example, 
must  be  longer  in  the  intestines  than  blood  from  a  typhoid  ulcer 
or  an  ulceration  of  the  colon. 

(6)  In  considering  the  morbid  conditions  in  which  blood  is 
lost  to  the  body  in  the  urine,  we  may  omit  mention  of  those 
cases  in  which  the  blood  comes  from  urethra,  prostate,  or  bladder, 
for  they  are  strictly  comparable  with  cases  in  which  blood  is  lost 
from  the  lower  end  of  the  bowel.  Whether  from  the  presence 
of  a  polypus,  villous  growth,  ulcer,  or  from  any  other  cause, 
blood  is  poured  out  and  is  passed  either  in  unaltered  condition  or 
as  blood-clot  in  both  cases.  In  passing,  however,  it  may  be 
mentioned  that  the  chief  parasitic  cause  of  hsematuria — the  ova 
of  Bilharzia  hcematobia ' — is  found  in  the  blood-vessels  of  the 
vesical  wall  and  by  causing  their  rupture  leads  in  large  measure 
to  the  hsematuria  that  is  characteristic  of  infection  by  this 
hsematozoon.  In  the  case  of  the  rectum  we  have  a  parallel 
condition,  for,  according  to  Guillemard,  passage  of  blood  by  the 
bowel  may  sometimes  be  one  of  the  earliest  signs  of  infection  by 
Bilharzia.^ 

'  Billiarzia  hcBtnatobia  is  a  trematode  plalyhelminth  or  fluke,  which  inhabits  the 
veins  of  man,  monkeys,  and  probably  also  cattle  and  dogs.  Though  the  flukes  are  for  • 
the  most  part  hermaphrodite,  in  this  species  the  sexes  are  distinct.  The  male  is 
7-16  mm.  in  length,  and  the  lateral  margins  of  the  body  are  bent  over  ventrally  to 
form  a  channel— the  gyntecophoric  canal— in  which  the  female  lies  during  copulation. 
The  female  is  about  20  mm.  in  length,  darker  and  finer  than  the  male.  The  ovum, 
which  is  most  important  as  it  is  the  cause  of  symptoms  in  the  disease,  can  usually  be 
recognised  with  ease  in  the  urine ;  it  is  an  oval  body  of  which  the  length  is  about 
•12  mm.,  and  the  breadth  about  -06  mm.  The  egg  case  is  transparent  and  through  it 
the  embryo  can  readily  be  seen.  At  one  pole  the  ovum  ends  in  a  small  but  acutely 
pointed  spine  which  is  quite  characteristic.  The  embryo  within  the  ovum  is  as  a  rule' 
nearly  mature,  and  in  pure  water  the  ovum  often  hatches  in  two  or  three  minutes. 
The  young  worm  is  covered  with  cilia  over  the  whole  body  excepting  the  mouth,  and 
darts  to  and  fro  with  great  rapidity.  The  life  history  of  the  animal  is  unknown,  as  is 
also  the  mode  of  infection.  In  those  countries  in  which  endemic  Eajmaturia  occurs 
(viz.  Egypt,  Cape  Colony,  Natal,  Transvaal,  and  discontinuously  over  the  whole  of 
Africa),  it  is  commonly  held  that  the  parasite  gains  entrance  to  the  body  during  river- 
bathing,  but  there  is  little  reason  for  believing  that  this  view  is  correct ;  more  probably 
it  gains  entrance  by  drinking  water.  In  the  human  body  Bilharzia  may  be  found  in 
various  parts,  but  its  focus  appears  to  be  the  smaller  branches  of  the  portal  vein. 
The  ova  are  deposited  in  the  finer  communications  between  the  portal  and  the 
systemic  venous  systems,  and  it  is  for  this  reason  that  bladder,  rectum,  kidneys,  and 
ureters  are  the  principal  parts  affected. 

"  Anchylostomum  dtiodenale,  which,  so  far  as  loss  of  blood  is  concerned,  bears 
somewhat  the  same  relation  to  the  intestine  as  does  Bilharzia  to  the  urinary  organs, 
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The  morbid  conditions,  therefore,  with  which  we  shall  specially 
be  concerned  are  (a)  those  in  which  red  blood-corpuscles  appear 
in  the  urine  as  the  result  of  changes  in  the  kidney,  and  (/3)  those 
in  which  hsemoglobin  appears  in  the  urine  as  the  result  of 

changes  in  the  blood. 

(a)  Hcematuria  of  Benal  Origm.— When  renal  changes  lead  to 
the  appearance  of  blood-corpuscles  in  the  urine,  the  urine  may 
present  every  gi-adation  of  colour  from  an  apparently  normal 
yellow  to  a  condition  in  which  the  liquid  is  apparently  pure 
blood.  This,  of  course,  depends  upon  the  number  of  red  blood- 
corpuscles  present.  But  in  a  large  number  of  cases  the  urine  is 
not  red  at  all,  but  has  a  peculiar  '  smoky '  appearance,  which  is 
seen  on  microscopic  examination  to  be  due  to  the  presence  of 
discrete  red  blood-corpuscles.  The  corpuscles  in  urine  do  not 
preserve  their  normal  biconcave  shape,  they  may  become  spheri- 
cal or  crenate,  and  they  lose  the  tendency  to  agglomerate  m 
rouleaux.  Hematuria  dependent  upon  kidney  changes  is  gener- 
ally due  to  acute  nephritis  or  to  renal  calculus,  but  it  may  be  due 
to  trauma  or  to  malignant  disease  ;  occasionally  blood  in  the 
mine  is  the  first  sign  that  the  kidney  is  the  seat  of  tuberculous 

The  hsematuria  of  acute  nephritis  is  merely  a  special  example 
of  the  law  that  in  inflammation,  when  congestion  is  very  acute, 
diapedesis  of  red  blood-corpuscles  is  a  prominent  symptom.  In 
accordance  with  this  statement  we  find  that  hsematuria  is  an 
early  sign  of  acute  nephritis  ;  '  a  man  gets  drunk,  sleeps  m  a 
ditch,  and  passes  bloody  urine  the  next  morning.'    So  also  the 
escape  of  blood  is  most  marked  in  those  situations  where  blood- 
vessels are  most  numerous,  viz.  the  glomeruh.    A  section  of 
a  kidney  in  the  earhest  stage  of  acute  nephritis  shows  the 
glomerular   blood-vessels   engorged,   often    ruptured,   and  the 
glomerular  space  crammed  with  red  blood-corpuscles  ;  often,  too, 
soHd  cylinders  of  corpuscles  block  the  tubules  for  a  greater  or 
less  portion  of  their  length.    If  the  patient  survives,  as  the  in- 
flammation becomes  more  chronic  the  hsematuna  passes  ofl,  but 
it  is  many  months  before  corpuscles  are  completely  absent  from 
the  urine.    Hasmaturia  is  common  to  nephritis  of  all  kinds,  so 
long  as  it  is  early  and  of  some  severity,  but  it  is  especially  well 
marked  in  nephritis  due  to  cold  or  to  poisoning  by  cantharides  or 
oil  of  turpentine.    Changes  in  the  kidney  sufficiently  severe  to 
allow  the  passage  of  blood-corpuscles  through  the  glomerular 

'sometimes  though  rarely  causes  the  stools  to  have  a  reddish-brown  tinge  from 
sanguineous  admixture '  (Manson). 
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blood-vessels  lead  to  other  changes  in  the  urine  to  which  refer- 
ence will  be  made  later. 

The  hsematuria  accompanying  renal  calculus  is  essentially  due 
to  traumatism  oi  the  kidney  substance  or  of  the  pelvis  of  the 
kidney,  and  the  hsematuria  will  be  marked  or  slight  according  as 
the  physical  characters  of  the  calculus  render  it  more  or  less 
likely  to  produce  lacerations;  a  smooth  uric  acid  calculus  produces 
less  hsematuria  than  a  rough  and  tuberculated  calculus  composed 
of  calcium  oxalate.  As  might  be  expected,  it  is  characteristic  of 
this  type  of  haBmaturia  that  it  is  aggravated  by  exercise  or  jolting. 
Calculous  hsematuria  calls  for  no  special  remark.  Unless  there 
be  complications,  the  urine  itself,  considered'  apart  from  the 
blood,  approximates  closely  to  the  normal  in  characters  and  in 
quantity. 

Hsematuria  accompanying  malignant  disease  of  the  kidney 
may  be  due  either  to  haemorrhage  from  the  kidney  substance  itself 
(congestion  of  the  kidney  being  induced  by  the  irritant  action  of 
the  new-growth),  or  to  haemorrhage  from  the  malignant  growth. 
In  the  former  case  there  is  nothing  peculiar  with  reference  to 
the  hcematuria,  but  if  there  be  disintegration  of  the  mahgnant 
growth  and  haemorrhage  come  from  it,  cells  or  even  small 
portions  of  the  neoplasm  itself  may  be  found  in  the  urine. 

(/3)  Hcemoglohinuria. — But  blood  is  not  always  lost  to  the 
body  in  a  corpuscular  form.  Morbid  conditions  are  known  in 
which  the  urine  contains  dissolved  haemoglobin. 

The  urine  in  haemoglobinuria  may  present  macroscopic 
characters  identical  with  those  of  hsematuria,  it  may  be  pink 
or  blood-red,  or  the  colour  of  porter;  but  it  never  presents  a 
*  smoky  '  appearance.  Microscopic  examination,  however,  suffices 
to  distinguish  hsemoglobinuria  from  hsematuria  at  once,  for  in 
hsemoglobinuria,  blood-discs  are  absent  from  the  urine.  Spectro- 
scopic examination  of  the  urine  shows  the  presence  of  the  well- 
known  absorption  bands  of  oxy-haemoglobin  (in  the  yellow  and 
the  green  between  the  solar  lines  D  and  E),  and  in  addition 
a  broad  band  in  the  red  between  C  and  D  but  nearer  C,  the 
absorption  band  of  methaemogiobin.  On  heating  urine  contain- 
ing hemoglobin  a  precipitate  is  thrown  down,  or  in  marked  cases 
the  urine  may  become  soHd  ;  the  precipitate  consists  of  globulin 
coloured  with  blood-pigment. 

Hemoglobinuria  occurs  in  all  cases  in  which  there  is  extensive 
destruction  of  red  blood-corpuscles  and  solution  of  haemoglobui 
in  the  blood-plasma.  It  occurs  after  transfusion  with  actual 
blood  whether  before  or  after  defibrination,  and  especially  if  the 
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blood  have  been  derived  from  an  animal  differing  in  species 
from  that  into  which  it  is  transfused.  According  to  Cohnheim, 
it  occurs  in  animals  after  extensive  superficial  burns,  but 
whether  this  is  also  true  for  human  beings  is  doubtful.  It  has 
been  recognised  in  man  after  poisoning  with  chlorate  of  potash, 
nitro-benzol,  arseniuretted  hydrogen,  hydrochloric,  sulphuric, 
and  carbolic  acids;  in  some  of  these  cases  the  presence  of 
hemoglobin  dissolved  in  the  blood-plasma  has  been  recognised 
during  life.  Winckel  relates  the  history  of  an  epidemic  which 
killed  twenty-three  out  of  twenty-four  new-born  infants  who 
were  attacked  in  a  lying-in  institution  in  Dresden ;  no  explana- 
tion could  be  given  of  this  epidemic. 

But  the  most  important  as  well  as  the  most  interesting  forms 
of  hemoglobinuria  are  those  which,  from  certain  of  their 
characteristics,  seem  to  have  relationships  with  malaria. 

According  to  Fayrer,  hsemoglobinuria  is  apt  to  occur  in  some 
forms  of  malarial  fever,  and  Crosse  has  shown  that  this  occurs 
much  more  frequently  in  Africa  and  other  tropical  regions  than 
in  India.  Besides  its  appearance  as  a  symptom  or  complication 
of  malaria,  there  occurs,  especially  in  western  Equatorial  Africa, 
a  disease  which  is  known  by  the  names  of  '  hsemoglobinuric  '  or 
'  blackwater '  fever.  Next,  a  condition  is  occasionally  met  with 
in  temperate  cHmates  in  which  the  patient,  without  otherwise 
suffering  greatly,  passes  from  time  to  time  urine  containing 
hemoglobin.  And  further,  in  patients  of  the  last  category  a 
mild  attack  may  not  lead  to  a  paroxysm  of  hemoglobinuria 
but  to  a  paroxysm  of  albuminuria.  Four  closely  allied  conditions 
are  therefore  known  :  (1)  malarial  hemoglobinuria,  (2)  hemo- 
globinuric  fever,  (3)  paroxysmal  hemoglobinuria,  (4)  paroxysmal 
albuminuria. 

Now,  so  far  as  the  blood  condition  is  concerned,  there  is  a 
great  similarity  between  the  first  three  of  these  conditions.  It 
has  already  been  said  that  destruction  of  red  blood- corpuscles 
is  characteristic  of  malarial  fevers,  and  though  the  plasma  does 
not  usually  contain  dissolved  hemoglobin,  it  is  not  difficult  to 
believe  that  such  should  sometimes  be  the  case,  especially  when 
it  is  remembered  that  malaria  accompanied  by  hemoglobinuria 
is  malaria  of  a  severe  type.  In  hemoglobinuric  fever  there  is  no 
doubt  that  severe  blood  changes,  and  especially  hemolysis,  occur  ; 
moreover,  the  corpuscles  are  paler  than  normal  and  the  plasma 
is  reddened.  In  paroxysmal  hemoglobinuria,  Elirlich  found  in  a 
woman  subject  to  the  disease,  when  he  bound  an  elastic  bandage 
round  one  of  her  fingers  and  caused  her  to  place  it  in  water  at 
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0°  C.  for  a  quarter  of  an  hour,  that  the  red  blood-corpuscles  were 
broken  up  and  the  blood-plasma  took  on  a  markedly  pink  colour  ; 
the  changes  do  not  occur  under  similar  conditions  in  a  normal 
person. 

With  regard  to  aetiology,  also,  certain  points  of  resemblance 
may  be  noted.  In  the  case  of  malaria  the  existence  of  an  animal 
parasite  as  cause  of  the  disease  is  undoubted,  and  there  is  no 
dilliculty  in  understanding  the  pathology  of  malarial  hsemo- 
globinuria.  The  pathology  of  haemoglobinuric  fever  is  not  quite 
so  clear ;  it  occurs  in  regions  where  malaria  is  most  severe,  and 
in  the  blood  of  patients  suffering  from  haemoglobinuric  fever 
the  existence  of  animal  parasites  has  been  described,  but  they 
have  not  always  been  ^found  with  the  constancy  that  might  be 
expected  if  the  disease  is  purely  malarial,  nor  are  the  characters 
of  such  micro-organisms  as  have  been  described  very  definite. 
Moreover,  Koch  goes  so  far  as  to  maintain  that  haemoglobinuric 
fever  is  in  reality  due  to  the  toxic  action  of  quinine  in  patients 
'who  are  the  subjects  of  malaria  and  whose  erythrocj^tes  are  in  an 
unduly  labile  condition.  Though  one  must  speak  with  some 
reserve,  therefore,  one  is  nevertheless  probably  correct  in  regard- 
ing hosmoglobinuric  fever  as  dependent  upon  the  presence  in  the 
blood  of  an  animal — perhaps  the  malarial— parasite.  In  the 
cases  of  paroxysmal  haemoglobinuria  and  paroxysmal  albuminuria, 
the  relationship  of  these  conditions  to  exposure  to  cold  is  un- 
doubted. In  a  person  subject  to  either  of  them,  exposure  to  cold 
for  a  few  minutes  leads  to  haemoglobinuria  or  albuminuria,  which 
may  last  perhaps  for  an  hour  or  two,  perhaps  for  a  whole  day. 
The  degree  of  cold  to  which  the  patient  must  be  exposed  in 
order  to  induce  an  attack  is  variable,  but  always  very  shght,  as 
compared  with  that  which  can  be  borne  by  a  healthy  person 
without  any  discomfort  whatever.  Standing  in  a  draught  of  air 
for  a  short  time,  thrusting  the  arms  or  feet  into  cold  water  will 
bring  on  an  attack.  The  patient  is  in  most  cases  conscious  of  no 
discomfort,  but  notices  the  next  time  he  passes  water  that  the 
urine  is  the  colour  of  porter  ;  with  each  successive  micturition  it 
becomes  paler  until,  after  the  bladder  has  been  emptied  three  or 
four  times,  the  urine  is  again  normal.  AVhere  the  condition  is 
albuminuric  and  not  haemoglobinuric,  of  course,  the  condition  is 
only  recognised  by  chemical  examination.^ 

•  Htemoglobinuria  is  also  sometimes  seen  in  man  as  the  result  of  muscular  exertion. 
Thus  Lee  Dickinson  reports  three  cases  in  which  the  condition  occurred  after  athletic 
wxercises,  and  adverts  to  other  recorded  cases.  Apparently  it  is  not  necessary  that 
the  muscular  exertion  should  be  extraordinarily  severe  ;  occasionally,  walking  is  sul  ■ 
cient.    The  hmmolysis  has  been  ascribed  to  poisoning  by  accumulated  carbonic  acui. 
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Now,  there  are  two  connecting  links  between  the  severe  forms, 
malarial  hsemoglobinuria  and  hsemoglobinuric  fever,  and  the 
slic'ht  forms,  paroxysmal  hsemoglobinuria  and  paroxysmal  albu- 
minuria. Firstly,  paroxysmal  hsemoglobinuria  and  albuminuria, 
like  malaria,  yield  more  readily  to  quinine  than  to  any  other 
drug.  In  this  respect  hsemoglobinuric  fever  is  exceptional,  for  it 
is  agreed  by  most  of  the  competent  authorities  that  not  only  is 
quinme  useless,  it  is  positively  injurious.  Secondly,  exposure  to 
cold  is  a  predisposing  cause  to  attack  in  the  case  of  each  disease. 
"With  regard  to  paroxysmal  hsemoglobinuria  and  paroxysmal 
albuminuria,  we  have  already  spoken,  but  it  is  a  matter  of 
common  knowledge  that  change  of  residence  to  a  cooler  climate 
is  often  at  first  accompanied  by  malarial  attacks  in  a  person  who 
has  lived  in  a  malarial  district,  though  when  living  in  that  district 
he  may  have  been  free  frona  attacks.  The  same  is  true  also  of 
hsemoglobinuric  fever. 

It  is  probable,  therefore,  that  there  is  some  connecting  link 
between  the  four  morbid  conditions.    But  whether  this  concerns 
the  setiology  of  the  disease,  and  suggests  that  hsematozoa  should 
.  be  sought  for  in  paroxysmal  hsemoglobinuria  and  paroxysmal 
albuminuria,  or  whether  it  suggests  that  the  same  unduly  labile 
condition  of  red  blood-corpuscles  exists  in  all  four  diseases,  and 
can  be  produced  by  different  causes  in  each,  it  is  impossible  to 
say.    With  regard  to  the  first  hypothesis,  it  is  important  to  note 
that  within  recent  years  several  diseases  have  been  described, 
which  affect  chiefly  cattle,  but  also  horses  and  certain  other 
animals,  which  are  associated  with  blood  in  the  urine,  whether  in 
the  corpuscular  form  or  in  the  hsemoglobinuric  form  (Texas  fever, 
in  particular),  and  which  are  caused  by  an  endogiobular  animal 
parasite,  Piroplasma  higeminum.    But  bearing  in  mind  the  fact 
that  toxic  hsemoglobinuria  is  with  certainty  known  to  exist,  the 
suggestion  that  paroxysmal   hasmoglobinuria   and  paroxysmal 
albuminuria  depend  upon  an  unduly  labile  condition  of  the  cor- 
puscles seems  more  probable,  for  in  toxic  hsemoglobinuria  there 
is,  of  course,  no  question  of  a  hsematozoon.     But  if  a  labile 
condition  of  the  red  blood-corpuscles  be  the  fundamental  cause  of 
hsemoglobinuria,  it  probably  depends  upon  some  chemical  change 
induced  by  toxic  substances,  and  here  we  are  met  by  the  difficulty, 
in  the  case  of  those  hfemoglobinuric  conditions  that  are  definitely 
of  parasitic  origin,  that  there  is  at  present  a  complete  lack  of 
evidence  that  toxic  substances  are  formed  by  hsematozoa,  of  any 

Besides  a  hjemoglobinuria,  an  albuminuria  from  e.Kertion  is  also  known,  and  it,  is 
important  to  note  that  sometimes  the  two  conditions  alternate  in  the  same  patient. 
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description.  In  view  of  our  present  knowledge  concerning 
haemolysis  it  is  clear  that  hsemoglobinuria,  at  all  events,  may 
depend  upon  some  alteration  of  the  blood-plasma  or  serum,  and 
that  the  corpuscles  themselves  may  not  be  unduly  vulnerable. 
This  is  the  opinion  of  Chiaruttini,  who  found  in  a  case  of  hsemo- 
globinuria  that  the  blood-serum  of  the  patient  was  powerfully 
haemolytic  for  erythrocytes  of  normal  persons,  as  well  as  for 
those  of  the  patient,  and  that  the  patient's  erythrocytes  reacted 
to  serum  of  a  different  origin  in  exactly  the  same  w^ay  as  those  of 
a  normal  individual. 

(ii)  The  Substance  diseharg-ed  is  ALBUMIN.— It  seems  at 
first  sight  unreasonable  to  distinguish  cases  in  which  blood  is 
discharged  from  the  body  along  with  the  secretions  or  excretions 
from  cases  in  which  albumin  is  discharged,  considering  that  blood 
is  an  albuminous  fluid.  But  the  distinction  is  advisable  because 
of  the  clinical  differences  between  the  two  groups  of  cases.  To 
the  physician  and  surgeon,  hsematuria  and  albuminuria,  for 
example,  are  terms  calling  up  different  mental  pictures,  though 
with  haematuria  there  is  albumin  in  the  urine,  and  with  albumin- 
uria there  is  frequently  present  a  smaller  or  larger  number  of  red 
blood-corpuscles. 

It  is  a  remarkable  fact  that,  with  one  great  exception,  none  of 
the  materials  that  leave  the  normal  body  contain  albumin,  or,  at 
most,  contain  it  in  the  merest  traces ;  fseces,  urine,  sweat,  tears, 
sebum,  are  normally  free  from  albumin.  It  is  only  in  connection 
with  processes  of  reproduction  that  the  normal  body  departs  from 
the  rule;  menstrual  blood,  semen,  the  products  of  conception, 
milk  are  albuminous.  To  maintenance  of  the  species  alone  is  the 
benefit  of  the  individual  subordinated. 

In  disease,  on  the  other  hand,  the  body  often  suffers  loss  of 
albumin.  It  may  be  lost  in  faeces  or  in  urine,  in  inflammatory 
exudations,  in  pus,  in  peritoneal  and  pleural  effusions,  in  oedema 
fluid,  and  so  forth.  A  less  evident,  but  even  a  more  severe,  loss 
occurs  where  albumin  is  used  for  the  nutrition  of  a  tissue  physio- 
logically outside  the  body,  such  for  example  as  a  new-growth. 
But  with  most  of  these— important  though  they  are— we  are  not 
immediately  concerned,  as  the  albumin  is  not  lost  with  a  secretion 
or  excretion.  We  have  here  only  to  discuss  loss  of  albumin  by  the 
bowel  and  by  the  kidney. 

Before  going  further  it  is  necessary  to  mention  what  is  signi- 
fied in  this  connection  by  the  word  'albumin.'  In  the  vast 
majority  of  cases  serum-albumin  and  serum-globulin  are  the  two 
varieties  with  which  we  shall  be  concerned,  but  in  some  cases 
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albiimoses,  and  in  others  nucleo-proteids,  will  claim  attention. 
Discharge  of  undigested  proteid  food,  whether  by  vomiting  or  by 
the  bowel,  will  not  detain  us,  though  the  fact  that,  after  extirpa- 
tion of  the  pancreas  in  dogs  (Abelmann)  and  in  obstruction  of  the 
pancreatic  duct  in  man  (Vaughan  Harley),  absorption  of  proteid 
by  the  intestine  is  considerably  reduced,  and  therefore  undigested 
proteid  given  in  the  food  appears  in  the  stools,  may  just  be 
mentioned. 

(a)  Loss  of  Albumin  by  the  Boivel. — Loss  of  albumin  in  the 
fffices  is  apparently  not  a  common  condition;  but  though  the 
subject  has  not  received  great  attention,  a  few  important  con- 
ditions are  known  in  which  it  occurs.    A  priori,  one  would  not 
expect  to  meet  many  forms  of  disease  accompanied  by  loss  of 
albumin  in  the  stools.    For  when  one  bears  in  mind  that  diges- 
tion and  absorption  of  proteid  is  one  of  the  chief  functions  of  the 
intestine,  and  that  the  intestine  normally  contains  myriads  of 
bacteria  which  break  up  proteid,  it  is  clear  that  we  must  not 
expect  to  find  large  amounts  of  albumin  in  the  stools,  unless 
(1)  the  morbid  process  involving  the  intestine  is  of  extreme 
severity,  or  (2)  the  portion  of  intestine  affected  is  not  far  removed 
from  the  anus.    When  we  find  in  so  severe  a  disease  as  Asiatic 
cholera,  in  which  the  mucous  membrane  of  the  entire  intestinal 
tract  is  congested  and  swollen  or  even  shows  local  excoriations  or 
ulcers,  that  the  excavations  contain  not  more  than  -2-2  per  cent, 
of  albumin  (Parkes),  it  is  intelligible  that  in  mild  forms  of 
diarrhoea,  albumin  should  be  absent.   Hence  in  the  large  majority 
of  cases  presence  of  albumin  in  the  stools  may  be  taken  as 
evidence  of  disease  affecting  the  lower  part  of  the  large  intestine. 
The  most  important  disease  in  which  albumin  is  discharged  by 
the  bowel  is  that  which  is  known  under  the  name  of  '  dyspeptic 
membranous  colitis '  (Hale  White)  or  '  desquamative  enteritis  ' 
(Light).     In  it  complete  tubular  casts  of   the   intestine  are 
evacuated,  usually  one  to  six  inches,  but  sometimes  several  feet 
in  length ;  the  membrane  is  laminated  and  '  chemically  consists 
of  albumin ;  it  contains  no  fibrin '  (Hale  White).    In  other 
diseases  of  the  large  intestine  it  is  not  known  that  albumin 
(apart  from  that  which  is  contained  in  blood)  is  discharged ; 
mucus  is  certainly  discharged  in  many  of  these  diseases  and  in 
large  quantities,  but  whether  albumin  is  also  discharged  is  at 
present  uncertain.    It  must  also  be  stated  that  it  is  doubtful 
whether  the  tubular   casts  in  membranous   colitis  invariably 
consist  of  albumin ;  in  a  large  number  of  cases  they  consist  of 
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mucin,  though  it  is  possible  that  in  others  they  are  composed  of 
nucleo-proteid. 

(b)  Albuminuria. — The  term  albuminuria  is  used  to  cover  all 
conditions  in  which  a  substance  yielding  the  ordinary  proteid 
reactions  and  not  blood  is  present  in  the  urine.  In  albuminuria 
the  proteid  is  essentially  in  solution,  though  in  many  of  the  more 
severe  cases  solid  proteid  is  present  in  the  form  of  '  casts  '  of  the 
urinary  tubules.  The  proteid  in  albuminous  urine  is,  in  the  great 
majority  of  cases,  serum-albumin  alone,  though  a  mixture  of 
serum-albumin  and  serum-globulin,  the  proportions  of  v^hich  to 
one  another  vary  in  different  cases  and  according  to  circum- 
stances with  which  we  are  at  present  ignorant,  is  not  infrequently 
met  with.  Speaking  broadly,  however,  it  may  be  said  that 
globulin,  being  a  more  complex  and  a  larger  molecule,  is  an  indi- 
cation of  a  more  severe  lesion  of  the  kidney.  In  other  cases  the 
proteid  is  an  albumose,^  and  according  to  von  Friedlander,  in  yet 
others  a  nucleo-albumin.  According  to  the  differences  between 
their  proteid  constituents  the  chemical  properties  of  the  urine 
vary ;  urines  containing  serum-albumin  and  serum-globulin 
throw  down  a  coagulum  on  heating  if  the  urine  be  slightly  acid, 
those  containing  albumose  do  not  throw  down  a  coagulum  on 
heating,  but  do  so  on  saturation  with  ammonium  sulphate  or  on 
addition  of  large  quantities  of  alcohol,  and  so  on.  But  with 
chemical  differences  of  this  description  we  are  not  concerned,  they 
must  be  sought  in  works  on  physiological  and  pathological 
chemistry. 

The  first  question  that  naturally  arises  in  enquiring  into  the 
pathology  of  albuminuria  is.  Why  is  the  normal  urine  free  from 
albumin?  If  we  could  answer  this  question  satisfactorily  we 
should  be  far  on  the  way  towards  a  knowledge  of  the  pathology 
of  albuminuria,  but  unfortunately  we  can  derive  little  help  from 
physiology  in  this  respect.  Indeed,  it  is  more  just  to  say  that 
upon  this  point  the  processes  of  pathology  have  taught  to 
physiology  the  little  that  she  knows. 

At  first  sight  one  might  suspect  that  the  answer  is  to  be  found 
in  the  slowness  with  which  diffusion,  and  filtration  of  albumm 
take  place.    And  when  Leube,   Munn,  Furbinger  and  others 

'  It  was  for  some  time  held  that  the  urine  contains  peptone  in  certain  morbid 
conditions  and  the  name  '  peptonuria  '  was  coined,  but  with  advance  of  knowledge  as 
to  the  characteristics  of  the  albumoses  it  was  shown  that  the  'peptone'  is  not  true 
peptone  in  the  vast  majority  of  cases,  but  in  reality  '  albumose.'  Hence  the  condition 
is  now  commonly  known  as  '  albumosuria.'  It  must  be  noted,  however,  that  veiy 
rarely  a  true  peptonuria  has  been  described.  In  the  same  way  it  will  be  necessary  to 
separate  from  '  albuminuria '  a  sub-class,  '  nucleo-albuminuria.' 
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stated  that  one  out  of  seven  healthy  individuals  passes  albumin 
in  the  urine,  and  when  Senator  came  to  the  conclusion  that  sHght 
albuminuria  is  a  physiological  phenomenon,  it  was  beHeved  by 
many  that  the  filtration  hypothesis  of  Ludwig  sufficiently 
explains  the  freedom  or  comparative  freedom  of  the  urine  from 
albumin.  But  against  all  such  beliefs  there  was  advanced  the 
incontrovertible  fact  discovered  by  Stokvis,  that  when  dissolved 
egg-albumin  is  injected  directly  into  a  vein  or  beneath  the  skin, 
an  albuminuria  sets  in  which  lasts  until  all  the  egg-albumin  has 
been  removed  from  the  body.  Differences  in  rates  of  diffusion 
and  filtration  between  these  two  varieties  of  albumin  are  hardly 
sufficient  to  explain  this  fact. 

This  step  having  been  made,  it  was  natural  to  turn  from  the 
*  filtering  '  fluid  and  look  towards  the  '  filter  '  for  an  explanation. 
At  the  time  when  Ludwig  was  formulating  his  filtration  hypo- 
thesis for  urine-formation,  the  vital  theory  of  Bowman  claimed 
many  adherents.    This  theory,  which  regarded  the  urine  as  a 
secretion  and  not  as  a  filtrate,  was  supported  and  advanced  by 
Heidenhain,  Nussbaum,  and  others.    It  is  unnecessary  here  to 
enter  into  details  of  experimental  work  that  is  fully  discussed  in 
treatises  upon  physiology,  but  as  the  result  of  this  work  '  it  was 
shown  conclusively  that  certain  constituents  of  the  blood,  normal 
and  abnormal,  are  removed  by  the  epithelial  cells  of  the  con- 
voluted tubules  and  the  ascending  limbs  of  the  loops  of  Henle. 
Moreover,  it  was  shown  that  though  no  sugar  is  removed  by  the 
kidney  when  it  is  present  in  the  blood  in  quantities  less  than 
about  1  per  mille,^  when  it  exceeds  this  amount  the  urine  contains 
sugar  until  the  blood  has  again  reached  the  normal.    So  also  the 
kidney  removes  urea  from  the  blood  and  leaves  sugar  behind, 
though  the  blood  normally  contains  four  or  five  times  as  much 
sugar  as  it  does  urea.    When,  therefore,  it  became  evident  that 
the  kidney  removes  egg-albumin  at   once  and  leaves  serum- 
albumin  behind,  if  the  two  varieties  are  presented  to  it  side  by 
side,  the  view  was  advanced  that  the  freedom  of  urine  from 
albumin  depends  upon  a  failure  of  the  living  renal  cells  to  exert, 
in  the  case  of  serum-albumin,  a  secretory  power  which  they  exert 
in  the  case  of  egg-albumin.    Or  more  exactly,  it  was  held  that 

'  The  values  given  for  the  amount  of  sugar  that  may  be  present  in  the  blood  with- 
out (easily  recognised?)  glycosuria  vary  from  -5  (Saundby)  to  3-4  (Stewart)  permille. 
Pavy  reckons  the  amount  as  about  1  per  mille,  and  probably  he  is  most  nearly 
correct.  It  must  be  remembered  that  the  normal  percentage  of  sugar  in  blood  varies 
in  different  animals.  The  statement  made  in  the  text  forms  a  part  of  the  whole  con- 
troversy  concerning  sugar  and  the  fate  of  sugar  in  the  body ;  :.t  will  be  considered 
with  diabetes  mellitus. 
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the  normal  kidney-cells  vitally  excrete  egg-albumin  but  resist  the 
passage  of  serum-albumin. 

Nussbaum's  well-known  experiment  of  tying  the  renal  artery 
in  the  frog  seems  to  show  that,  in ,  that  animal,  restraint  of  the 
passage  of  albumin  into  the  urine  is  a  function  of  the  epithelium 
of  the  Malpighian  tufts  ;  for  Nussbaum  found  that  after  ligature 
of  these  vessels,  which  supply  the  glomeruli,  egg-albumin  injected 
into  the  circulation  is  no  longer  excreted.  But  though  a  great 
advance  has  been  made  in  locating  the  cause  of  the  freedom  of 
normal  urine  from  albumin  in  the  kidney,  and  perhaps  especially 
in  the  Malpighian  tufts,  we  are  still  ignorant  of  the  true  explana- 
tion of  the  phenomenon.  The  kidney  can  without  doubt  excrete 
egg-albumin,  but  could  it,  if  necessity  arose,  excrete  serum- 
albumin  ?  In  this  connection  it  is  noteworthy  that  after  trans- 
fusion with  blood  from  a  different  species  the  urine  of  the 
transfused  animal  frequently  contains  haemoglobin.  But  in  this 
case  it  is  uncertain  whether  the  renal  epithelium  is  normal  or  not. 
The  question  could  be  solved  in  all  probability  by  applying  the 
facts  that  have  been  recently  discovered  on  specific  precipitins. 
At  present,  however,  we  are  ignorant  whether  the  freedom  of 
normal  urine  from  albumin  depends  upon  a  mechanical  barrier 
presented  by  normal  renal  epithelium,  or  whether  it  depends  upon 
the  fact  that  under  normal  conditions  the  renal  epithelium  does 
not  '  choose  '  to  excrete  serum-albumin.  If  the  first  explanation 
be  the  true  one,  we  should  expect  to  find  that  albumin  appears  in 
the  urine  only  when  the  barrier  is  broken  down ;  if  the  second 
explanation  be  the  true  one,  we  should  expect  to  find  that  under 
certain  conditions  the  normal  renal  epithelium  does  '  choose  '  to 
excrete  serum-albumin.  This  brings  us  to  our  legitimate  study— 
the  pathology  of  albuminuria. 

Study  of  the  pathology  of  the  kidney  having  proceeded  along 
with  study  of  its  physiology,  the  views  that  have  been  held  with 
regard  to  the  pathology  of  albuminuria  have  changed  from  time 
to  time.  When  the  freedom  of  normal  urine  from  albumin  was 
held  to  depend  upon  special  properties  of  the  'filtering '  fluid,  the 
presence  of  albumin  in  albuminous  urine  was  held  to  depend  upon 
an  abnormal  diffusion  or  filtration  of  albumin.  There  were  two 
principal  views  upon  this  point. 

On  the  one  hand,  it  was  held  that  the  albumin  of  the  blood 
becomes  changed  in  composition  in  diseases  accompanied  by 
albuminuria,  and  that  owing  to  this  change  in  composition  the 
albumin  filters  easily  through  the  kidney.  This  view  was  largely 
given  up  when  it  was  found  that  the  proteids  of  albuminous  urine 
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are  the  same  as  those  present  in  normal  blood,  i.e.  serum-albumin 
and  serum-globulin.  Stokvis  finally  proved  its  inaccuracy  by 
showing  that  when  the  albuminous  urine  of  patients  suffering 
from  Bright's  disease  is  injected  into  the  circulation  of  normal 
animals,  there  is  no  escape  of  albumin  by  their  kidneys.  Senator 
held  this  view  in  a  modified  form  ;  influenced  by  our  knowledge 
as  to  the  effects  of  dissolved  salts  upon  the  filtration  of  solutions 
of  albumin,  he  considered  that  an  unusual  richness  of  the  blood 
in  salts,  and  especially  in  urea,  might  perhaps  give  rise  to  an 
escape  of  albumin  into  the  urine. 

On  the  other  hand,  it  was  held  (and  by  a  far  larger  number  of 
authorities)  that  albuminuria  depends  upon  an  abnormality  of  the 
glomerular  blood-pressure.    At  first  this  alteration  was  considered 
to  be  in  the  direction  of  increase,  partly  on  the  analogy  of  filtra- 
tion experiments  generally,  and  partly  because  there  is  evidence 
in  many  pathological  conditions  accompanied  by  albuminuria 
that  the  blood-pressure  is  raised.    But  after  Kuneberg  had  shown 
that,  when  an  albuminous  fluid  is  filtering  through  an  animal 
membrane,  the  percentage  composition  of  the  filtrate  in  albumm 
varies  inversely  with  the  pressure  under  which  filtration  is  taking 
place,  there  was  a  tendency  to  regard  albuminuria  as  dependent 
upon  a  lowering  of  glomerular  blood-pressure.    Support  for  this 
view  was  afforded  by  the  fact  that  albuminuria  is  a  very  frequent 
accompaniment  of  febrile  and  other  diseases  in  which  there  is 
reason  to  beUeve  that  the  blood-pressure  is  lowered. 

But  these  views  lost  ground  when  it  became  recognised  that 
the  kidney  itself  exerts  an  important  influence  upon  the  com- 
position of  the  urine.  Henceforward  albuminuria  was  regarded 
as  dependent  upon  abnormality  of  renal  epithelium  {the  'filter  '), 
and  this  is  the  view  held  at  the  present  day. 

Though  there  are  several  points  upon  which  there  is  not 
universal  agreement,  the  modern  explanation  of  albuminuria  is 
fundamentally  mechanical.  The  mechanical  barrier  presented 
to  the  escape  of  h^mal  albumin  by  normal  renal  epithelium  is 
broken  down,  and  the  albumin  is  mechanically  forced  through  a 
more  permeable  membrane. 

The  actual  portion  of  the  kidney  which  undergoes  change  and 
leads  to  albuminuria  is,  however,  uncertain.  In  this  connection 
we  have  to  consider  (A)  the  glomeruH,  (B)  the  tubular  epithehum, 

(C)  the  blood-vessels. 

A.  The  GlomenUi.—'^nsaha.iim's  experiments  would  seem  to 
indicate  that  it  is  the  epithelium  of  the  Malpighian  tufts  which 
is  at  fault  in  the  production  of  albuminuria,  and  there  is  other 
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evidence  in  favour  of  this  view.  Eibbert,  having  set  up  an  arti- 
ficial albuminuria  in  rabbits  by  intra-vascular  injection  of  egg- 
albumin,  excised  the  kidneys  and  placed  them  directly  in  alcohol 
so  as  to  coagulate  in  situ  the  albumin  within  them ;  he  found 
that  the  spaces  of  Bowman's  capsules  contained  albumin  as  well 
as  the  tubules.  Moreover,  in  very  early  nephritis  following 
scarlatina,  and  in  some  other  conditions,  the  glomeruli  appear  to 
be  exclusively  affected,  so  much  so  that  Cohnheim  suggested  the 
special  name  of  '  glomerulo-nephritis.' 

B.  The  Tubules. — But  it  is  very  improbable  that  the  glome- 
rular epithelium  is  alone  concerned  in  the  process,  though 
perhaps  in  some  cases  it  is  affected  first  and  to  the  greatest 
extent.  The  cause  which  brings  about  the  modification  of  renal 
epithelium  and  the  supervention  of  albuminuria  is  in  a  large 
number  of  cases  one  that  affects  the  whole  circulation  of  the 
kidney.  Thus,  in  the  dog,  if  the  renal  artery  is  ligatured  for 
an  hour,  there  follows  on  loosening  the  ligature  an  albuminuria 
lasting  perhaps  for  a  week  ;  in  cholera,  albuminuria  accompanies 
recovery  from  the  collapsed  stage,  in  which  there  is  often  com- 
plete anuria  from  the  lowness  of  blood-pressure ;  in  cases  of 
suppression  of  urine  due  to  impaction  of  renal  calculi  in  the 
ureters,  if  the  flow  of  urine  is  re-established  the  fluid  is  albumin- 
ous ;  in  cases  of  heart  disease  where  tricuspid  regurgitation  has 
led  to  a  general  rise  in  systemic  venous  pressure  there  is 
albuminuria.  In  all  these  cases  there  can  be  no  doubt  that  the 
epithelium  of  the  tubules  must  suffer  as  well  as  the  epithehum 
of  the  glomeruli.  So  also  in  nephritis  the  tubular  epithelium 
must  suffer ;  for  when  the  irritant  reaches  the  kidney  by  the 
blood  it  is  conveyed  through  the  blood-vessels  to  all  parts  of  the 
kidney  and  not  to  the  cortex,  still  less  to  the  glomeruli,  alone, 
and  when  the  irritant  reaches  the  kidney  by  the  ureters  and 
pelvis,  as  in  consecutive  nephritis,  the  medullary  portion,  i.e.  the 
tubules,  must  suffer  first  and  most.  Indeed,  there  is  evidence 
that  the  tubular  epithehum  may  suffer  alone,  for  Senator  found, 
when  he  threw  the  kidneys  of  a  rabbit  into  boiling  water  ten  or 
twelve  minutes  after  ligature  of  the  renal  veins,  that  it  was  easy 
to  find  masses  of  coagulated  albumin  and  blood-corpuscles  in  the 
lumen  of  some  of  the  straight  tubules  chiefly  of  the  medulla,  but 
that  the  spaces  of  Bowman's  capsules  were  absolutely  free. 

It  is  possible,  however,  when  nephritis  is  caused  by  toxic 
products  .of  disease,  and  especially  infective  disease,  that  those 
portions  of  the  kidney  are  most  affected  by  which  the  irritant  is 
specially  excreted  ;  thus  it  is  possible  that  the  scarlatinal  virus 
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is  principally  or  entirely  excreted  by  the  glomeruh.  and  that 
upon  this  depends  the  special  form  of  nephritis  associated  with 
this  disease.  But  nothing  more  than  examination  of  a  great 
number  of  sections  from  the  same  kidney  is  needed  to  convince 
one  that  even  in  acute  nephritis  the  kidney  is  not  everywhere 
affected  alike.  In  one  place  the  glomeruli,  m  another  the 
tubules  in  another  the  interstitial  substance,  may  appear  to  be 
most  involved,  while  some  parts  of  a  kidney  obviously  patho- 
logical to  the  naked  eye,  may,  by  the  microscope,  be  seen  to  be 

normal.  .  p. 

C.  The  Blood-vessels.— Bvit  in  discussing  the  pathology  ot 

albuminuria,  besides  the  renal  epithelium,  one  has  also  to  con- 
sider the  renal  blood-vessels.    The  renal  epithehum  covering  the 
glomerular  blood-vessels  and  the  renal  epithelium  lining  the 
tubules  may  indeed  be  involved,  in  the  production  of  nephritis 
for  example,  and  it  is  conceivable  that  when  they  are  affected 
albuminui-ia  may  result,  though  the  renal  blood-vessels,  and  m 
particular  the  capillaries,  are  totally  unaffected  ;  the  capillaries 
elsewhere  in  the  body  give  exit  to  an  albuminous  fluid  under 
normal  conditions,  why  not  the  renal  capillaries  ? '    But  such  a 
condition  though  conceivable  must  be  infinitely  rare  if  it  ever 
occurs.    In  the  production  of  albuminuria,  vascular  conditions 
must  almost  invariably,  if  not  invariably,  assist.    For  upon  the 
vascular  conditions  and  upon  the  blood  which  circulates  m  the 
vessels,  the  nutritive  condition  of  the  renal  epithehum  depends. 
So  that  in  most  cases  vascular  and  renal  epithelial  changes  must 
be  twin  results  of  the  action  of  one  irritant  circulating  in  the 
blood,  or  the  renal  epitheHal  changes  must  be  secondary  to  the 
vascular  changes.    We  cannot  imagine   a   vascular  condition 
which  is  without  its  effect  upon  the  renal  epithehum,  and  can 
hardly  imagine  an  alteration  of  the  renal  epithelium  which  does 
not  depend  upon  some  change  in  blood-vessels. 

Now  in  the  body  generally,  the  capillaries,  as  the  result  of 
irritant  action,  give  exit  to  a  highly  albuminous  inflammatory 
exudation,  so  that  it  is  not  unreasonable  to  expect  when  the 
kidneys  are  the  seat  of  inflammation,  that  the  renal  capillaries 
should  also  give  exit  to  a  highly  albuminous  fluid;  the  capil- 
laries, too,  not  only  of  the  glomerular  tufts  but  also  those  sur- 
rounding the  tubules.    In  the  body  generally  this  exuded  fluid 

'  The  renal  capillaries  seem  to  be  peculiar  in  one  respect ;  the  stomata  which  by 
appropriate  staining  are  to  be  made  out  in  most  capillaries  are  very  rarely  seen  m  the 
capillaries  of  the  kidney.  This,  of  course,  suggests  a  reason  why  ordinary  lymph  is 
albuminous,  and  normal  urine  free  from  albumin.  More  than  this  cannot  be  said, 
but  the  subject  is  eminently  worthy  of  further  investigation. 
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either  remains  stored  up  in  situ  or  drains  away  by  the  lym- 
phatics, and  in  the  kidney  also  some  of  the  fluid  must  be  removed 
by  the  lymphatics  which  leave  the  organ  at  the  hilum.  But  the 
kidney  is  enclosed  in  a  firm  fibrous  capsule  and  cannot  easily 
become  oedematous,  so  that  if  all  the  exuded  fluid  cannot  leave  by 
these  lymphatics  it  is  highly  probable  that  it  will  leave  the 
organ  by  the  tubules  and  constitute  a  part  of  the  urine.  In  the 
glomeruli  in  particular  it  is  difficult  to  see  how  any  albuminous 
fluid  that  exudes  from  inflamed  glomerular  capillaries  can  fail 
to  become  mingled  with  the  urine  generally;  and  there  is  no 
difficulty  in  conceiving  that  fluid  poured  into  the  inter-tubular 
connective  tissue  may  find  its  way  into  the  lumen  of  the  tubes. 
Hence  in  nephritis  the  fluid  reaching  the  bladder  would  consist 
of  urine  phis  inflammatory  exudation. 

Moreover,  we  have  definite  evidence  that  vascular  change  is 
capable  of  producing  albuminuria,  for  in  lardaceous  disease  the 
glomerular  vessels  are  often  affected  to  a  marked  extent,  and  the 
urine  is  generally  highly  albuminous.  It  is  true  that  in  very  early 
lardaceous  disease  the  urine  formed  during  life  may  have  been  free 
from  albumin,  though  microscopic  examination  of  the  kidneys 
shows  that  the  glomeruli  are  slightly  but  characteristically  affected. 
But  such  cases  are  decidedly  rare,  and  they  do  not  affect  the 
general  statement  made  above. 

In  the  case  of  mechanical  hypergemia  (and  of  this  nature  is 
the  chronic  venous  congestion  of  thekidney  occurring  in  late  heart 
disease),  Senator  definitely  came  to  the  conclusion  that  the  lymph 
with  its  dissolved  albumin  and  its  suspended  red  blood-corpuscles 
transudes  from  the  distended  capillaries,  finds  its  way  into  the 
urinary  tubules  and  mingles  with  the  urine.  And  Cohnheim  in 
this  respect  was  incHned  to  agree  with  Senator. 

In  nephritis,  therefore,  and  in  passive  venous  congestion  of  the 
kidney  we  must  look  upon  the  albumin  in  the  urine— or  part  of  it 
at  all  events — as  bearing  the  same  relation  to  the  renal  blood- 
vessels as  does  the  albumin  in  the  exudation  fluid  of  an  inflamed 
or  a  passively  congested  leg  to  the  blood-vessels  of  that  leg. 

This  being  so,  the  question  whether  exudation  in  inflammation 
and  in  passive  congestion  is  a  physical  or  a  vital  process,  which 
has  already  been  discussed,  finds  a  new  importance.  For 
obviously,  though  from  a  somewhat  different  aspect,  there  arises 
once  more  the  question  :  Is  albumin  present  in  albuminous  urine 
because  it  is  actively  secreted  or  because  the  blood-vessels  and  the 
renal  epithelium  have  become  '  more  permeable  '  ? 

It  is  even  more  difficult  to  attempt  an  answer  to  this  question 
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than  it  was  in  the  case  of  oedema-formation.  For  in  the  kidney 
we  have  to  consider,  not  one  membrane,  but  two,  viz.  vascular 
epithehum  and  true  renal  epithelium.  It  is  possible  that  the 
albumin  of  albuminous  urine  is  secreted  by  the  blood-vessels,  but 
escapes  into  the  tubules  mechanically  owing  to  actual  lesions  of 
the  true  renal  epithelium.  Nevertheless,  when  we  remember  that 
the  normal  renal  epithehum  excretes  egg-albumin,  we  cannot 
deny  the  possibility  that  it  may  on  occasion  also  excrete  serum- 
globuhn  and  serum-albumin  ;  perhaps  the  so-called  '  physiological 
albuminuria '  is  of  this  nature.  Moreover,  there  is  no  reason  to 
doubt  that  the  laws  governing  nutrition  of  the  tissues  generally' 
are  appHcable  also  to  the  kidney,  so  that  serum-albumin  and 
serum-globulin  must  leave  the  vessels  for  the  nutrition  of  the 
proper  kidney  substance,  and  must  normally  be  restrained  from 
passing  into  the  urine  by  the  integrity  of  the  true  renal  epithelium. 
But  whether  this  restraint  depends  upon  vital  or  upon  physical 
conditions  is  a  question  upon  which  we  are  completely  ignorant. 

To  sum  up.  Since  it  is  uncertain  whether  the  function  of  the 
vascular  endothelium  and  the  renal  epithehum  is  actively  secretory 
or  is  purely  physical,  it  is  doubtful  whether  in  albuminuria  the 
albumin  has  been  secreted  from  the  blood  or  merely  filtered. 
Probably  the  explanation  differs  in  different  cases,  but  when  the 
albuminuria  is  associated  with  definite  renal  changes  it  is  probable 
that  purely  physical  factors  enter  largely  into  the  process. 

Albumosuria  and  nucleo-albuminuria  are  probably  more  akin 
to  the  artificial  albuminuria  brought  about  by  intra-venous  injec- 
tion of  egg-albumin  than  to  the  albuminuria  which  we  have  just 
been  considering.    Albumosuria  ('  peptonuria  ')  occurs  especially 
in  cases-  where  large  quantities  of  pus  are  pent  up  in  the  body,  as 
for  example  in  purulent  meningitis  and  empyema,  or  where  large 
masses  of   coagulated  inflammatory  exudation  are  undergoing 
iquef  action,  as  in  the  resolution  of  croupous  pneumonia.    In  these 
cases  it  is  probable  that  the  albumose  is  taken  up  by  the  blood, 
and  is  excreted  by  the  kidney  as  a  useless  and  foreign  substance. 
Albumosuria  also  occurs  with  great  constancy  in  cases  of  multiple 
myelomata  of  bone ;  but  here  the  explanation  is  not  at  all  clear, 
nor,  indeed,  is  it  quite  certain  that  the  proteid  in  the  urine  is  a  true 
albumose. 

Nucleo-albuminuria  is  a  well-recognised  condition,  but  one 
concerning  which  little  is  known.  It  was  found  by  Pickler  and 
Vogt  that  in  dogs  intra-venous  injection  of  a  solution  of  casern 
leads  to  a  nucleo-albuminuria  lasting  for  a  period  varying  up  to 
five  days.    In  one  case  they  found  it  conjoined  with  ordinary 
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albuminuria.  Ligature  of  one  renal  artery  for  half  to  one  and  a 
half  hour  led  in  four  dogs  to  a  nucleo-albuminuria  lasting  two  to 
seven  days.  Temporary  closing  of  the  renal  veins  led  to  a  nucleo- 
albuminuria  lasting  three  days,  besides  an  ordinary  albuminuria 
lasting  one  day.  Von  Friedlander  investigated  the  urine  of 
100  male  patients  before  and  after  chloroform-narcosis,  and  in 
forty-four  out  of  fifty-six  cases  specially  examined  for  the  purpose 
he  found  a  nucleo-albuminuria. 

There  remains  a  whole  series  of  cases  in  which  albumin  is  onlv 
at  times  present  in  the  urine.  Some  of  these  appear  to  be  of 
little  importance  clinically,  but  one  at  least — the  albuminuria 
of  pregnancy — is  highly  important,  for  the  albuminuria  itself  is 
often  so  marked  that  the  urine  becomes  solid  on  boiling,  and  cases 
in  vv^hich  the  condition  occurs  not  infrequently  end  fatally  with 
symptoms  like  those  of  uraemia  (puerperal  eclampsia).  Besides 
the  albuminuria  of  pregnancy,  this  class  also  contains  paroxysmal 
albuminuria  to  which  sufficient  reference  has  been  made  in  con- 
nection with  paroxysmal  hsemoglobinuria,  and  the  so-called 
*  physiological '  or  '  cyclical  '  albuminuria.  Physiological  albu- 
minuria includes  cases  in  which  albumin  is  only  present  in 
the  urine  passed  immediately  after  breakfast,  cases  of  '  digestive ' 
albuminuria  in  which  albumin  appears  in  the  urine  after  meals, 
and  cases  of  the  '  albuminuria  of  adolescence,'  a  doubtful  con- 
dition which  has  principally  been  noticed  in  boys  at  the  age  of 
puberty. 

The  pathology  of  these  forms  of  albuminuria  is  quite  unknown. 
The  albuminuria  of  pregnancy,  it  has  been  suggested,  depends 
upon  pressure  on  the  ureters  with  subsequent  changes  in  the 
renal  epithelium,  and  it  has  been  noted  that  it  is  more  common 
and  more  severe  in  first  pregnancies.  Although  there  is  no  doubt 
concerning  the  truth  of  the  last-mentioned  statement,  there  are 
many  objections  to  this  mechanical  view.  Cohnheim  suggested 
that  it  is  due  to  reflex  spasm  of  the  renal  arteries,  but  this  view 
is  hardly  more  satisfactory.  At  the  present  time  the  condition  is 
held  by  many  authors  to  be  the  result  of  an  auto-intoxication. 
Grancher  and  Sergent  maintain  this  view  strongly,  and  hold  that 
the  renal  changes  are  similar  to  those  met  with  in  all  forms  of 
toxic  nephritis.  They  hold  that  first  the  renal  parenchyma  is 
affected,  subsequently  the  interstitial  connective  tissue,  and  finally 
the  condition  becomes  one  of  contracted  red  kidney  or  of  large 
pale  kidney.  Nevertheless,  in  a  few  cases  of  puerperal  albu- 
minuria, even  if  they  have  terminated  by  eclampsia,  there  is  a 
complete  absence  of  recognisable  renal  change.    According  to 
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Mercier  and  Menu  peptonuria  is  constantly  present,  besides  any 
other  form  of  proteid  in  the  albuminuria  of  pregnancy  or  the 
puerperium.  It  is  doubtful  whether  any  histological  change 
accompanies  physiological  albuminuria,  for  the  cases  are  not  fatal, 
and  of  course  the  kidneys  cannot  be  examined.  It  is  generally 
held  that  the  condition  is  in  a  large  proportion  of  cases  '  postural,' 
and  depends  upon  slight  vaso-motor  changes  affecting  the 
glomeruli. 

(iii)  The  Substance  dischargred  is  FAT.--The  only  mnportant 
morbid  conditions  in  which  fat  is  discharged  from  the  body  are 
(a)  those  in  which  fat  is  removed  with  the  faeces  (steatorrhoea), 
and  (6)  chyluria,  in  which  fat  is  removed  with  the  urine. 

(a)  Steatorrhoea.— k  certain  amount  of  fat  is  normally  present 
in  fteces,  and  when  an  excessive  amount  is  given  by  the  mouth  a 
very  considerable  proportion  may  pass  through  the  mtestmes 
unabsorbed.  The  pathological  presence  of  fat  m  the  faeces  is  due 
to  the  fact  that  absorption  from  the  intestines  is  hindered.  The 
absorption  of  fat  is  contingent  upon  its  emulsification,  a  process 
normally  carried  out  by  the  combined  action  of  the  bile  and  the 
pancreatic  juice.  There  are  certain  difficulties  in  the  question  to 
which  reference  will  be  made  later,  but  there  is  no  doubt  that  tat 
appears  in  the  stools  when  the  entrance  of  bile  or  of  pancreatic 
juice  or  of  both  into  the  intestine  is  prevented. 

Now  the  causes  which  lead  to  such  a  condition  are  essentially 
two  :  obstruction  of  the  excretory  ducts  of  the  glands,  and  destruc- 
tion of  the  gland  substances  themselves.    Of  these,  obstruction 
to  the  ducts  is  chnically  by  far  the  more  important,  for  it  is  easily 
brought  about,  whereas  destruction  of  the  whole  gland  substance 
rarely  if  ever  occurs  (except  as  the  result  of  experiment),  and  so 
long  as  a  small  functionating  portion  remains,  the  special  secre- 
tion is  formed.     We  therefore  find  that  obstruction  of  the 
common  bile-duct  by  a  biliary  calculus  causes  the  appearance  ot 
fat  in  the  stools  (and  jaundice,  with  which  we  are  not  now  con- 
cerned), though  the  hver  and  pancreas  are  practically  unaltered  ; 
but  that,  on  the  other  hand,  though  the  hver  itself  may  be 
saturated  with  cancer  and  httle  of  the  pancreas  may  be  normal, 
the  stools  remain  comparatively  free  from  fat  so  long  as  no 
nodule  of  cancer  obstructs  the  biliary  and  pancreatic  ducts. 

Generally  the  condition  which  leads  to  the  appearance  of 
fat  in  the  stools  is  one  affecting  the  common  bile-duct,  one  there- 
fore which  impedes  the  entrance  into  the  intestine  of  both  bile 
and  pancreatic  juice,  but  the  absence  of  either  secretion  alone 
is  effective.    Since  fat  appears  in  the  stools  whether  bile  or 
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pancreatic  juice  fails  to  reach  the  intestine,  and  since  it  will  be 
necsssary  to  consider  bile  in  connection  with  jaundice,  we  shall 
deal  here  with  the  condition  when  it  is  caused  by  failure  of  entry 
into  the  bowel  of  pancreatic  juice  alone. 

Von  Mering  and  Minkowski,  xAbelmann,  Vaughan  Harley,  and 
others  have  all  given  experimental  proof  of  the  chnical  fact  first 
recognised  by  Bright  in  1832,  that  in  diseases  of  the  pancreas 
large  quantities  of  fat  appear  in  the  stools.  Abelmann  found 
that  in  complete  extirpation  of  the  pancreas  100  per  cent.,  and  in 
incomplete  extirpation  from  40  to  75  per  cent.,  of  the  fat  given  by 
the  mouth  is  passed  in  the  faeces.  Harley's  results  corroborate 
those  of  Abelmann.  Harley  further  made  some  experiments 
upon  a  boy  supposed  to  be  suffering  from  obstruction  of  the 
pancreatic  duct,  and  found  that,  when  kej)t  upon  a  strict  milk 
diet,  the  patient  passed  about  75  per  cent,  of  the  milk-fat  in  his 
stools ;  a  healthy  man  kept  upon  milk  diet,  as  has  been  shown  by 
Eubner,  passes  about  5-6  per  cent,  of  the  fat  in  his  stools. 

It  is  natural  to  suspect,  when  fat  appears  in  the  stools  after 
obstruction  (say)  to  the  common  bile-duct,  that  it  does  so  because 
the  fat  taken  in  the  food  is  not  emulsified  in  the  normal  manner 
and  therefore  is  unfit  for  absorption.  This  is  the  view  that  is 
commonly  accepted  and  taught.  It  follows  as  a  corollary  that 
the  fat  in  the  stools  should  be  practically  identical  with  the  fat 
taken  by  the  mouth.  But  the  quantitative  estimations  made  by 
Harley  seem  to  show  that,  whatever  the  cause,  failure  of 
emulsificaticii  cannot  explain  the  condition,  for  the  fat  is  not 
passed  in  an  unaltered  condition,  but  in  a  condition  practically 
identical  with  that  in  which  it  is  passed  by  normal  animals  upon 
the  same  diet.  This  is  well  seen  in  the  following  table,  which  is 
a  condensation  of  two  tables  given  by  Harley. 

Table  showing  the  average  composition  of  fat  in  milk,  in  fceces  of 
a  7iormal  dog,  of  a  dog  ivhose  pancreas  had  been  extirpated, 
and  of  a  hoy  supposed  to  he  suffering  from  obstruction  of  the 
pancreatic  duct,  in  all  of  which  the  diet  was  milk  alone. 


1  Neutral  Fat. 

Free  Fatty  Acid. 

Soap. 

1    Per  cent. 

Average  composition  of  fat  in  milk  .  |  97'02 
Average  composition  of  fat  in  ffEces  of 

normal  dog  '  34*17 

Average  composition  of  fat  in  faces  of 

dog  (pancreas  extirpated)  .  .  33-90 
Average  composition  of  fat  in  fseces  of 

boy  with  obstructed  pancreatic  duct  ,  37-.55 

Per  cent 
2-89 

58-65 

55-25 

40-40 

Per  cent. 
006 

7-19 

10-84 

15-35 
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These  fi<^ures  show  conckisively  that  the  fault  is  one  of  non- 
absorption  of  fat  and  not  one  of  faihire  to  undergo  change,  for 
the  neutral  fat  is  broken  up  in  the  same  way  whether  pancreatic  , 
juice  is  poured  into  the  intestine  or  not.  It  will  probably  be 
found,  however,  on  further  investigation  that  the  changes  under- 
gone by  the  fat  are  not  identical  in  the  two  cases.  Certainly  the 
stools  are  markedly  abnormal,  for  they  are  pale,  soft,  or  oily,  and 
yield  a  very  foul  odour.  It  is  quite  possible  that  when  pancreatic 
juice  is  absent  the  fats  are  broken  up  by  lipolytic  ferments  of 
bacterial  origin  and  that  the  intestine  is  unable  to  absorb  these, 
though  it  can  absorb  similar  but  not  the  same  substances  pro- 
duced by  the  action  of  the  hpolytic  ferment  of  pancreatic  juice. 

(b)  Chyluria.— The  condition  known  as  chyluria,  in  which  fat 
is  lost  by  the  urine,  is  rarely  seen  in  this  country,  and  then 
practically  always  in  persons  who  have  resided  in  the  tropics, 
particularly  in  Brazil,  Mauritius,  India,  China,  and  the  West 
Indies.  In  these  cases  it  depends  upon  infection  by  an  animal 
parasite  known  as  Filaria  nocturna,^  but  any  form  of  obstruction 
to  lymphatic  channels  may  cause  this  and  alhed  conditions. 

In  chyluria  the  urine  is  milky-white  or  pinkish  or  sometimes 
blood-red.  The  onset  of  the  urinary  condition  is  usually  quite 
sudden,  the  pecuhar  urine  being  passed  without  previous  warning, 
or  perhaps  after  a  period  of  retention  due  to  intra-vesical  forma- 
tion of  a  coagulum  and  blocking  of  the  urethra.  Once  chyluria  . 
has  shown  itself  it  lasts  for  a  very  variable  period,  extending  to 
years,  but  commonly  it  is  intermittent,  and  the  appearance  of  the 

•  The  filariclffi  are  nematode  worms  of  which  several  genera  are  known,  but  of 
these  only  one-filaria-is  parasitic  to  man.    The  most  important  species  of  filana 
are  Filaria  medinensis,  the  '  Guinea-worm,'  which  is  on  an  average  3  feet  m  length 
and  inhabits  the  subcutaneous  tissue  of  the  lower  limb,  and  Filaria  sangmms  homims 
which  is  the  cause  of  chyluria  and  other  conditions.    At  least  four  or  five  different 
species  of  Filaria  sangtdnis  hommis  are  known,  the  most  important  of  which-from 
the  fact  that  the  embryos  are  only  present  in  the  blood  during  the  nigh  -is  known  as 
Filaria  nocturna.    The  parent  worm,s  inhabit  the  lymphatic  channels  of  the  trunk 
and  hmbs,  but  the  embryos  circulate  in  the  blood.    The  sexes  are  distinct.    The  male 
is  about  70  mm.,  the  female  about  90  mm.,  in  length  ;  both  are  filiform,  white,  smooth , 
and  unifoi-m  in  thickness,  except  towards  the  head  and  tail,  where  they  taper 
somewhat.    The  embryos  are  born  into  the  lymph  in  which  their  parents  he,  and 
traveUing  by  the  lymphatics  ultimately  reach  the  blood.    The  embryos,  which  are  far 
more  commonly  seen  than  the  parent  worms,  and  upon  the  recognition  of  which  m 
the  blood  diagnosis  is  generally  founded,  are  about  one-third  of  a  millime  re  long. 
They  are  actively  motile  and  lie  in  a  transparent  sheath.    Like  most  of  the  other 
entozoa,  filaria  requires  an  intermediate  host  for  its  full  development,  and  it  has 
been  shown  by  Manson  that  the  intermediate  host  for  the  filaria  is  the  mosquito  It 
is  impossible  here  to  give  the  characteristics  and  life  history  of  the  parasite,  but  they 
will  be  found  set  forth  in  detail  by  Manson  in  bis  article  on  '  Filaria   in  AUbutt  s 
System  of  Medicine. 
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urine  varies  from  day  to  day  and  at  different  times  of  the  day. 
The  relation  of  chyluria  to  the  ingestion  of  fatty  food  is  very 
remarkable  and  indicates  the  pathology  of  the  condition.  For 
the  urine  may  be  clear,  but  it  becomes  opalescent  a  very  short 
time  after  ingestion  of  fat,  as  for  example  after  a  draught  of 
milk.  Chylous  urine  has  a  marked  tendency  to  coagulate,  but 
the  tendency  is  very  variable.  Generally  the  urine  coagulates 
rapidly  into  a  solid  mass  after  voiding,  but  sometimes  flakes  of 
coagulum  only  are  formed  and  sometimes  the  urine  does  not 
coagulate  at  all.  On  standing,  the  clot  shrinks  and  the  urine 
shows  a  cream-like  layer  on  the  surface  of  the  fluid  expressed  by 
the  clot ;  the  fat  of  the  urine  is  present  in  this  layer  and  in  the 
clot. 

Chyluria  is  essentially  due  to  the  fact  that  the  normal  course 
of  lymph  and  chyle  along  the  thoracic  duct  is  impeded,  or  rather 
completely  obstructed.    The  parent  filariae  inhabit  the  thoracic 
duct  and  other  lymphatic  channels.    Either  mechanically  by 
plugging   the   duct,  or   indirectly,  by   inducing  inflammatory 
changes  in  its  walls,  the  parasites  cause  blockage  of  the  upper 
part  of  the  thoracic  duct.    For  the  passage  of  lymph  and  chyle 
from  the  lower  parts — legs,  pelvis,  abdomen,  &c. — anastomotic 
branches  between  the  duct  below  the  obstruction  and  above  it 
have  to  be  opened  up,  and  in  the  process  the  already  thin  walls 
of  the  lymphatics  become  yet  thinner.    If,  then,  the  lymphatics 
of  the  kidney  or  bladder  are  involved  in  the  anastomosis,  their 
rupture  readily  occurs,  and  the  contents  of  the  lymphatics  mingle 
with  the  urine.    Normally,  of  course,  the  lymphatics  of  the 
kidney  and  bladder  do  not  drain  the  intestines,  and  the  lymph  in 
them  is  clear,  so  that  when  this  lymph  mingles  with  the  urine,  as 
it  practically  does  in  some  cases  of  albuminuria,  the  urine  is 
albuminous  but  clear.    But  under  the  abnormal  conditions  now 
being  considered,  the  chyle  in  the  intestinal   lacteals  passes 
upwards  through  these  renal  and  vesical  lymphatics,  and  there- 
fore, when  they  rupture,  the  fluid  which  is  added  to  the  urine  is 
not  pure,  transparent  lymph,  but  is  lymph  or  chyle  with  the 
characteristics  possessed  by  that  fluid  in  the  thoracic  duct.  Now 
the  lymph  obtained  from  the  thoracic  duct  of  a  dog  is  a  coagulable 
fluid,  clear  and  transparent,  and  of  a  pale  yellow  colour  or  colour- 
less when  the  animal  has  been  fasting  for  twenty-four  hours, 
opalescent  or  milky  if  he  has  lately  been  fed  and  especially  if  he 
has  received  fatty  food,  while  it  frequently  has  a  pinkish  or  even 
a  bright  red  colour  under  conditions  which  are  not  quite  clear 
and  are  very  variable.    The  evidence  is  therefore  complete  that 
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chyluria  depends  upon  admixture  with  the  urine  of  chyle  or 
lymph  which  normally  travels  by  the  thoracic  duct. 

It  follows  from  what  has  been  said  that  chyluria  is  only  a  special 
manifestation  of  a  general  filariasis,  and  that  from  rupture  of 
dilated  lymphatics  elsewhere,  fat  may  be  lost  to  the  body  in  this 
disease  by  other  ways  ;  chylous  ascites,  chylous  diarrhoea,  chylous 
hydrocele,  chylous  lymphorrhagia  after  rupture  of  a  cutaneous 
lymphatic,  have  all  been  described. 

(iv)  The  Substance  disehaFg"ed  is  SUGAR.— In  connection 
with  this  substance  we  have  only  to  consider  the  urine,  for 
though  the  saliva,  tears,  and  sweat  may  contain  sugar  they  only 
do  so  under  the  same  conditions  as  those  in  which  it  is  present  in 
the  urine. 

Conditions  in  which  the  urine  contains  sugar  may  be  divided 
into  two  classes  :  {a)  those  in  which  the  sugar  is  only  transitorily 
present,  and  (6)  that  in  which  sugar  is  more  or  less  persistently 
present.  The  former  class  is  known  under  the  name  of  glycosuria, 
the  latter  is  summed  up  in  the  disease  known  as  diabetes  melhtus, 
or,  simply,  diabetes. 

It  is,  perhaps,  normal  for  the  urine  to  contain  a  minute  trace 
of  sugar,  and  where  excessive  amounts  are  taken  in  the  food  a 
certain  amount  of  glycosuria  may  be  present.    Often  the  amount 
present  is  so  small  that  it  is  uncertain  whether  the  substance  is 
truly  sugar  and  not  one  of  the  many  substances  capable  of  reducing 
copper  from  its  solutions  with  which  small  quantities  of  sugar  are 
often  confused.    But  in  the  pathological  conditions  of  which  we 
are  about  to  speak,  the  amount  of  sugar  is  often  so  great  that  it 
is  beyond  the  possibility  of  mistaken  diagnosis,  forming  as  it  may 
do  (in  extreme  cases)  10-12  per  cent,  of  the  urine  and  being 
excreted  to  the  amount  of  half  a  pound  or  more,  in  the  twenty- 
four  hours. 

The  sugar  present  in  the  urine  in  glycosuria  and  diabetes  is 
always  dextro-rotatory  glucose  (dextrose),  whether  sugar  has 
been  introduced  into  the  body  as  dextrose,  cane-sugar,  lactose, 
maltose,  or  whether  it  is  due  to  ingestion  of  starch.  When 
lajvulose  has  been  given  by  the  mouth  to  diabetic  dogs  the  major 
portion  is  excreted  in  the  urine  as  dextrose  (Minkowski),  but  small 
quantities  of  Itevulose  maybe  present  in  the  urine  also  (Sandmeyer) ; 
the  same  is  true  also  of  galactose.  In  spite  of  what  has  just  been 
said  concerning  the  regularity  with  which  the  sugar  m  the  urine 
is  in  the  form  of  dextrose,  a  few  cases  of  pentosuria  and  Isevulosuria 
in  the  human  subject  have  been  published.  They  need  not, 
however,  detain  us. 
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In  glycosuria  the  abnormal  urinary  condition  lasts  only  for  a 
few  days  or,  at  most,  weeks,  and  the  amount  of  sugar  excreted  is 
usually  small,  though  at  times  it  may  be  a,s  considerable  as  in  a 
severe  case  of  diabetes.  Glycosuria  may  be  caused  by  a  number 
of  medical  and  surgical  conditions,  some  of  which  are  serious, 
others  trifling.  Thus  it  often  occurs  after  injuries  to  the  brain, 
sometimes  after  injuries  to  the  spinal  cord,  and  rarely  after  injury 
to  nerves  ;  it  is  met  with  in  patients  suffering  from  carbuncle 
and  boils,  though  the  converse  statement,  viz.  that  diabetic 
persons  often  suffer  from  carbuncle  and  boils,  is  more  generally 
true ;  it  is  said  to  be  produced  by  the  action  of  some  poisons, 
notably  strychnine,  curare,  morphia,  ether,  chloroform,  carbonic 
oxide  (though  certainly  in  the  case  of  some  of  these  poisons  the 
copper-reducing  substance  is  not  a  sugar  but  glycuronic  acid) ; 
it  occurs  in  asphyxia  and  some  other  respiratory  affections. 
During  the  actual  time  that  a  glycosuric  person  is  passing  sugar 
in  his  urine  he  presents — so  far  as  that  portion  of  his  ailment 
is  concerned — the  same  symptoms  as  a  diabetic  person.  But 
from  the  shorter  duration  of  the  morbid  condition  and  its, 
commonly,  less  severe  character  the  symptoms  are  not  so  pro- 
nounced. 

In  diabetes  mellitus  the  patient  complains  of  great  thirst  and 
of  frequent  and  copious  micturition,  for  he  often  passes  10-15 
pints  of  urine  in  the  twenty-four  hours.  His  appetite  is  voracious 
except  towards  the  end  of  the  disease,  but  still  he  wastes  and 
becomes  progressively  weaker.  His  temper  is  irritable,  his  skin 
dry,  his  hair  thin,  his  face  flushed,  his  bowels  irregular  and  often 
constipated,  his  temperature  generally  subnormal.  He  may  suffer 
from  impaired  vision  or  actual  blindness,  the  causes  of  which 
are  various,  and  the  impaired  nutrition  of  his  skin  accounts  for 
the  many  cutaneous  disorders  to  which  he  is  liable.  If  he  be 
young  his  disease  runs  a  rapidly  fatal  course  and  often  terminates 
by  way  of  pulmonary  tuberculosis  or  of  diabetic  coma ;  if  he  be 
in  early  old  age  the  prognosis  is  not  quite  so  grave,  though  he 
may  die  of  gangrene  (generally  involving  the  extremities)  or 
as  the  result  of  that  surgical  interference  which  the  gangrene 
necessitates.  Whether  young  or  old,  since  the  resistance  of 
diabetic  patients  of  whatever  age  is  far  below  that  of  healthy 
persons  of  the  same  age,  he  is  very  liable  to  succumb  to  any 
intercurrent  infective  disorder  such  as  influenza  or  pneumonia. 

The  urine  in  diabetes  is  commonly  increased  in  quantity ;  but 
if  there  be  diarrhoea,  a  normal,  or  even  less  than  a  normal,  amount 
may  be  excreted.    The  specific  gravity  is  high  in  the  great 
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majority  of  cases  (1025-1050),  but  occasionally  it  is  low,  and 
a  specific  gravity  of  1008  does  not  preclude  the  possibility  that 
the  urine  contains  sugar.  It  has  often  a  distinctive  primrose 
colour  and  a  characteristic  sweetish  smell.  Besides  sugar  it 
contains  an  excess  of  urea  and  sometimes  deposits  crystals  of  uric 
acid.  Acetone,  diacetic  acid,  /8-oxybutyric  acid,  and  /3-crotonic 
acid  are  present,  or  present  in  excess  ;  they  are  important  in 
that  each  or  all  of  them  has  been  supposed  to  be  the  poison 
which  causes  diabetic  coma.  Phosphates  and  ammonia  are 
eliminated  in  great  excess,  indeed  true  phosphaturia  may  precede 
or  coincide  with  diabetes.  When  diabetes  has  lasted  some  time 
albumin  generally  makes  its  appearance  in  the  urine ;  this  may 
depend  upon  accidental  contamination  with  albuminous  dis- 
charges, bu.t  more  commonly  depends  upon  a  nephritis  due  to 
irritation  of  the  kidney  by  the  sugar.  Histological  changes 
of  the  kidney  in  diabetes  have  been  described  by  Armanni, 
Marthen,  and  others  ;  they  consist  in  a  hyaline  transformation 
of  the  epithelium  of  the  straight  tubules  and  an  epithelial 
necrosis  in  the  convoluted  tub  ales.  Ehrlich  showed  that  in 
diabetes  the  kidney  epithelium  contains  glycogen  ;  in  health  it  is 

•  absent,  and  in  other  morbid  conditions  present  only  in  minute 
traces. 

The  pathologico-anatomical  changes  found  in  the  body  of 
a  person  dead  from  diabetes  or  glycosuria  are  for  the  most  part 

•  clearly  secondary  ;  but  there  are  two  varieties  of  change  which  we 
are  probably  justified  in  regarding  as  primary.  These  are  (1) 
fibrotic  and  other  changes  of  the  pancreas,  and  (2)  tumours 
and  lesions  in  or  about  the  medulla  oblongata  and  the  vagi. 
Disease  of  the  pancreas,  though  not  always  found  in  diabetes, 
is  very  common.  Saundby  gives  the  notes  on  this  point  of 
twenty-seven  consecutive  ca.ses,  in  only  six  of  which  the  pancreas 
was  'normal.'  As  a  rule  the  organ  is  atrophied  and  fibrotic, 
more  rarely  it  is  enlarged. 

So  far  as  concerns  the  actual  constituents  of  the  pancreas, 
a  difference  has  been  noted  between  the  truly  secretory  portions 
of  the  gland  and  those  clusters  of  irregularly  polygonal  cells 
which  lie  amongst  the  acini,  particularly  at  the  splenic  end,  are 
closely  related  to  the  blood-vessels,  and  are  known  as  the  '  islands 
of  Langerhans.'  Schultze  showed  by  successive  Hgaturing  of 
portions  of  the  pancreas,  and  subsequent  histological  examination, 
that  while  the  gland  tissue  itself  rapidly  degenerates,  the  islands 
of  Langerhans  long  remain  completely  unaltered.  Since,  as  will 
be  seen  later,  total  extirpation  of  the  pancreas  is  followed  by 
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diabetes,  whereas  this  does  not  occur  after  ligature  of  Wirsung's 
duct  or  after  successful  transplantation,  Schultze  concludes  that 
the  parts  of  the  pancreas  that  influence  sugar  metabohsm  are 
these  same  islands.  Ssobolew  obtained  very  similar  results  to 
Schultze,  and  showed  further  that  in  a  long  series  of  pancreatic 
disease  without  sugar  in  the  urine  the  islands  were  normal, 
whereas  in  almost  all  cases  of  diabetes  changes  in  them  are 
marked,  and  they  may  be  completely  absent. 

Morbid  conditions  in  the  neighbourhood  of  the  bulb  which 
can  be  regarded  as  primary  are  very  rare,  but  they  have  un- 
doubtedly been  found.  They  may  be  tumours,  or  sclerotic 
affections  extending  into  the  bulb  from  the  cord.  It  is  note- 
worthy, however,  in  this  connection  that  bulbar  paralysis,  a 
disease  in  which  above  all  we  might  expect  to  find  sugar  in  the 
urine  upon  the  analogy  of  other  cases  and  animal  experiment,  is 
not  a  cause  of  diabetes  or  glycosuria.  Indeed,  Fagge  doubted 
whether  sugar  has  ever  been  found,  though  the  urine  has  often 
be^n  examined  for  the  purpose. 

The  pathology  of  diabetes  and  glycosuria  is  obviously  the 
pathology  of  either  sugar-formation  or  sugar-consumption.  For 
some  reason  the  blood  contains  more  than  its  normal  percent- 
age of  sugar,  and  the  excess  is  removed  by  the  kidney.  That 
when  sugar  is  present  in  excessive  quantity  in  the  blood  it  is 
removed  by  the  urine ,  is  readily  seen  by  direct  experiment,  for 
when  sugar  (glucose)  is  injected  into  the  jugular  vein  of  an 
animal,  the  greater  portion  is  within  a  short  time  recoverable  from 
the  urine,  which  is  secreted  in  very  large  quantity.  And  that  in 
diabetes  there  is  glycsemia  can  be  shown  by  quantitative  analysis, 
for  the  blood  may  contain  five  or  six  times  as  much  sugar  as 
normal.'  According  to  Vaughan  Harley  a  dog  can  bear  intra- 
venous injection  of  as  much  glucose  as  1  per  1000  of  his  body 
weight  without  serious  inconvenience  if  the  kidneys  be  left 
untouched,  but  if  the  ureters  are  tied  a  far  smaller  amount  than 
this  leads  to  muscular  spasms  and  coma. 

At  the  present  time  no  clear  account  of  the  ptxthology  of 
■diabetes  can  be  given,  but  several  facts  are  known  which  bear 
upon  the  question.    First  of  all,  however,  we  nmst  consider 
briefly  the  origin  and  the  fate  of  the  sugar  normally  present  in 
the  blood. 

'  Of  course  it  is  not  necessary  that  in  diabetes  there  should  at  any  moment  be' a 
liyper},'lycffinna,  for  there  might  be  glycosuria  and  yet  the  excretion  by  the  kidneys 
might  succeed  in  keeping  the  percentage  of  sugar  in  the  blood  down  to  the  norma 
level.    Seegen  (cited  by  Levene)  sa>s  that  this  is  sometimes  actually  the  case. 
Cf.  ialso  note,  p.  547. 
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Claude  Bernard  showed  that  in  the  Hver  a  carbohydrate 
substance — glycogen — is  present,  which  can  be  readily  converted 
into  sugar.  He  therefore  concluded  that  sugar  reaching  the  Hver 
by  the  portal  vein,  and  derived  from  the  food,  is  intercepted  by 
the  liver,  converted  into  glycogen  and  subsequently  reconverted 
into  sugar,  which  is  thrown  into  the  circulation  during  the 
intervals  between  digestion.  According  to  this  view,  therefore, 
htemal  sugar  is  of  hepatic  origin,  and  variations  in  the  amount  of 
sugar  formed  by  the  liver  normally  keep  the  percentage  of  sugar 
in  the  blood  relatively  constant. 

Pavy,  on  the  other  hand,  denies  that  the  liver  is  a  sugar-form- 
ing organ,  denies  that  the  changes  undergone  by  glycogen  in  the 
liver  after  death  are  to  be  taken  as  an  index  of  glycogen  meta- 
bolism during  life,  denies  that  the  hepatic  vein  ever  contains  more 
sugar  than  the  blood  of  the  general  arterial  or  the  portal  systems. 
He  regards  hepatic  glycogen  as  being  a  stage  in  the  conversion 
of  carbohydrate  into  fat,  and  looks  upon  the  liver  not  as  a  sugar- 
forming  but  as  a  sugar-destroying  organ.  According  to  his  view 
haemal  sugar  is  directly  derived  from  the  food,  and  is  sugar  which 
has  escaped  destruction  in  the  liver,  or  is  sugar  which,  on  the 
analogy  of  phloridzin  diabetes,  has  been  formed  during  the  disinte- 
gration of  proteid.  The  relative  constancy  in  percentage  of  sugar 
in  the  blood  in  spite  of  variation  in  the  amount  thrown  into  it,  he 
considers,  is  due  to  the  efficient  performance  by  the  hver  of  its 
destroying  function,  and  to  the  fact  that  normally  the  kidney 
removes  an  excess  of  sugar  from  the  blood. 

In  spite,  however,  of  the  brilliancy  with  which  Pavy  has 
defended  his  theory,  experiment  and  opinion  at  the  present  time 
are  against  him  and  in  favour  of  the  theory  put  forward  by 
Bernard.  The  fact  that  Hahn  and  Nencki  found  no  sugar  in  the 
urine  of  dogs,  in  which  the  liver  had  been  thrown  out  of  circula- 
tion by  means  of  an  artificial  communication  between  the  portal 
and  hepatic  veins  (Eck's  fistula),  is  weighty  evidence  against  the 
view  that  the  Hver  is  a  sugar-destroying  organ.  Nevertheless,  it 
is  probable  that  a  certain  amount  of  sugar  normally  passes 
directly  from  food  to  systemic  blood  without  undergoing 
glycogenic  change  in  the  liver. 

In  considering  the  fate  of  sugar  normally  present  in  the  blood 
we  have  only  to  deal  with  the  actual  destruction  of  sugar  in  the 
normal  body.  The  old  view  put  forward  by  Liebig,  that  sugar 
is  oxidised  in  the  lungs  to  carbonic  acid  and  water,  has  long 
been  given  up,  and  at  the  present  time  it  is  held  that  the  seats 
of  sugar-destruction  are  certainly  the  tissues,  and  possibly  the 
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blood.  There  is  reason  to  believe  that  sugar  is  used  up  iu  the  meta- 
bolism of  every  tissue,  but  particularly  in  muscle.  Though  too 
much  importance  must  never  be  attached  to  quantitative 
estimations  of  sugar  in  arterial  ,  and  venous  blood,  there  is 
a  general  agreement  that  the  amount  of  sugar  in  venous  blood 
is  less  than  it  is  in  arterial  blood.  Since  normally  the  specific 
gravity  of  venous  blood  is  higher  than  that  of  the  corre- 
sponding arterial  blood,  it  follows  that  the  difference  in  sugar- 
content  cannot  depend  upon  a  greater  dilution  of  venous  blood 
(for  the  contrary  is  actually  the  case),  but  that  sugar  must  have 
been  removed  during  passage  of  the  blood  through  the  tissue. 
This  sugar  must  be  consumed  during  muscular  activity  with 
the  attendant  production  of  carbonic  acid  and  water.  For 
when  curare  is  administered,  whereby  the  muscles  are  paralysed, 
excretion  of  carbonic  acid  by  the  lungs  diminishes,  and  glycosuria 
occurs.  Moreover,  Seegen  found  that  in  animals,  struggling 
(insufficient  narcosis)  and  direct  tetanisation  of  muscle  diminish 
the  amount  of  sugar  in  the  venous  blood  by  about  25  per  cent. ;  ^ 
Chauveau  and  Kauffmann  found  that  in  one  of  the  muscles  of  the 
upper  jaw  of  the  horse,  three  and  a  half  times  as  much  glucose 
was  used  up  during  activity  (chewing  movements)  as  by  the 
same  muscle  during  rest ;  and  Morat  and  Dufourt  and  others 
have  found  in  the  dog  that  the  glycogen  normally  present  in 
muscle  ^  undergoes  a  marked  diminution  during  tetanisation. 

Whether  sugar  is  normally  destroyed  in  the  blood  is  somewhat 
uncertain,  and  it  is  difficult  to  say  upon  which  side  the  balance  of 
evidence  lies.  Many  of  the  experiments  that  have  been  performed 
upon  this  point  with  blood  in  vitro  are  quite  valueless,  since 

'  This,  however,  is  not  the  case  when  muscle  is  tetanised  by  stimulation  of  its 
nerve,  for  then  Seegen  found  that  the  venous  blood  contains  15-40  per  cent,  more 
sugar  than  the  arterial  blood,,  a  result  which  he  ascribes  to  conversion  of  the  muscle 
glycogen  into  sugar  under  the  influence  of  nerve  action. 

■•^  It  is  doubtful  whether  we  must  consider  the  glycogen  of  muscle  as  being  derived 
from  hffimal  sugar  that  is  converted  by  the  muscle  into  glycogen,  or  must  regard  it  as 
being  directly  conveyed  to  the  muscle  as  glycogen.  There  is  no  doubt  that  the  blood 
normally  contains  glycogen  both  in  the  plasma  and  in  cells  (Liveriato,  Gabritchewsky). 
The  intra-globular  glycogen  is  principally  contained  in  the  finely  granular  oxyphil 
cells  (polynuclear,  neutrophil  cells),  and  the  extra-globular  glycogen  is  probably 
derived  from  disintegration  of  these  leucocytes.  The  amount  of  glycogen  present  in 
the  blood  in  disease  is  very  variable.  Liveriato  found  that  in  pneumonia,  typhoid 
fever,  empyema,  and  the  acute  fevers  generally  it  is  increased,  but  in  acute  rheumatism 
it  is  diminished,  in  jaundice  only  a  small  quantity  of  extra-globular  glycogen  is 
present;  in  diabetes  (one  case)  intra-globular  glycogen  was  completely  wanting,  extra- 
globular  glycogen  was  almost  wanting  and  in  amount  appeared  to  vary  inversely  with 
the  glycosuria.  During  infective  disease  the  glycogen  in  the  liver  diminishes  (Luschi), 
but  this  is  only  an  accompaniment  of  the  general  failing  nutrition. 
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there  is  no  evidence  that  they  have  been  carried  out  aseiJtically, 
and  growth  of  bacteria  in  the  blood  may  well  account  for  the 
destruction  of  sugar  that  has  been  noted  in  some  cases.  Vaughan 
Harley,  however,  has  borne  this  objection  in  mind,  and  asserts 
that  when  blood  outside  the  body  is  kept  sterile,  it  still  causes  a 
progressive  destruction  of  glucose  added  to  it ;  this,  he  believes, 
is  the  result  of  ferment  action.    On  the  other  hand,  Arthus  con- 
cludes from  his  experiments  that  no  glycolytic  ferment  exists  in 
circulating  blood,  but  that  it  is  derived  in  shed  blood  from  dis- 
integration of  formed  elements  other  than  the  red  blood-corpuscles, 
and  that  it  is  a  cadaveric  phenomenon  comparable  with  coagula- 
tion.   The  question  would  hardly  be  important  from  our  present 
point  of  view  were  it  not  that  Lepine  has  founded  a  theory  of 
diabetes  in  which  the  absence  of  this  glycolytic  ferment  plays  a 
fundamental  part. 

In  naming  the  causes  of  diabetes  and  glycosuria,  reference  was 
purposely  omitted  to  three  causes  or  groups  of  causes  which  are 
of  extreme  importance  from  an  experimental  and  theoretical,  as 
distinguished  from  a  strictly  clinical,  point  of  view.  Taking  them 
in  the  order  in  which  they  will  be  discussed,  these  are  (a)  puncture 
of  the  floor  of  the  fourth  ventricle  in  the  region  of  the  so-called 
diabetic  centre  and  certain  other  lesions  involving  nerve- 
tissue;  (/S)  extirpation  of  the  pancreas;  and  (7)  poisoning  by 
phloridzin,  a  substance  derived  from  the  root-bark  of  appie,  pear, 
plum,  and  cherrj'^  trees. 

(a)  We  owe  to  Claude  Bernard  discovery  of  the  fact  that  a 
definite  but  transient  glycosuria  follows  puncture  into  the  floor 
of  the  fom-th  ventricle  in  the  neighbourhood  of  the  vaso-motor 
centre.    Shortly  after  puncture,  the  amount  of  sugar  present  in 
the  blood  is  found  to  be  doubled  or  trebled,  and  in  about  30-40 
minutes  the  urine  is  found  to  contain  sugar.    The  maximum 
excretion  of  sugar  occurs  about  one  hour  after  the  puncture,  and 
from  that  time  it  gradually  diminishes,  disappearing  after  about 
five  or  six  hours.    Bernard,  in  his  experiments  on  dogs,  never 
found  that  it  lasted  for  more  than  twenty-four  hom-s.    A  similar 
glycosuria  has  been  produced  experimentally  by  operations  on 
various  regions  of  the  brain,  cord,  and  even  nerves.    Thus  it  has 
been  observed  after  injury  to  the  vermiform  process  of  the  cere- 
bellum, after  section  of  the  cord  at  various  levels  but  especially  m 
the  upper  cervical  region,  after  section  of  the  splanchnic  nerves, 
after   destruction  of  the  thoracic  but  more  especially  of  the 
abdominal  sympathetic  ganglia,   on   stimulation  of   the  right 
vagus,  &c. 
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(/S)  Though  Lancereaux  and  others  had  pointed  out  that  in 
diabetes  the  pancreas  is  frequently  diseased,  the  experiments  of 
investigators  who  hgatured  the  pancreatic  duct  or  conveyed  the 
pancreatic  secretion  outside  the  body  through  a  fistula,  led  to 
results  so  little  like  those  of  diabetes  that  Cohnheim  rejected  the 
idea  of  a  connection  between  the  pancreas  and  diabetes,  and 
regarded  all  pancreatic  changes  occurring  in  diabetes  as  '  accidental 
complications.'    But  the  importance  of  the  pancreas  in  some 
forms  of  diabetes  at  least  was  conclusively  proved  when  von 
Mering  and  Minkowski  showed  that  complete  removal  of  the 
gland  leads  in  dogs  to  a  disease  comparable  in  every  respect  with 
diabetes  in  man.    The  animal  excretes  an  excessive  amount  of 
urine  containing  a  large  percentage  of  sugar  (a  dog  weighing 
7  kilos,  may  pass  in  twenty-four  hours  1000-1200  c.c.  of  urine 
containing  70-80  gms.  of  sugar)  and  sooner  or  later  containing 
also  acetone,  diacetic  acid,  /3-oxybutyric  acid,  in  fact  all  the 
constituents  of  diabetic  urine.    He  eats  and  drinks  voraciously, 
but  wastes  and  loses  muscular  power  nevertheless.    The  sugar  in 
his  blood  increases  markedly  in  amount,  but  the  glycogen  in  his 
organs  diminishes,  and  in  his  liver  there  may  be  only  an  imponder- 
able quantity.    After  a  short  time  (which  never  exceeded  four 
weeks  in  the  eighteen  successful  experiments  of  von  Mering  and 
Minkowski,  and  has  been  equally  short  in  the  numerous  con- 
hrmatory  experiments  since  published  by  many  authors)  the 
animal  dies  either  from  inanition  or  from  lung  trouble  or  from 
failure  of  the  healing  process.    Extirpation  of  the  pancreas, 
therefore,  leads  to  exquisite  diabetes.    Nor  is  this  result  obtained 
in  dogs  alone,  for  the  same  authors  obtained  pancreatic  diabetes 
in  cats  and  in  a  pig.    In  rabbits  they  were  less  successful,  owing 
to  the  great  difficulties  attending  complete  removal  of  the  gland, 
but  Hedon  succeeded  by  inducing  atrophy  after  Bernard's  method 
of  injecting  oil  into  Wirsung's  duct.    Though  von  Mermg  and 
Minkowski  failed  with  frogs,  Aldehoff  and  Markuse  were  success- 
ful, the  latter  in  twelve  out  of  nineteen  experiments.    "\A  ith 
regard  to  birds,  there  appears  to  be  a  difference  between  grain- 
eating   and  flesh-eating   species,  for  though  Minkowski  cites 
Langendorff  as  having  produced  the  disease  in  flesh-eating  birds, 
neither  Minkowski  himself  nor  other  investigators  have  succeeded 
in  producing  an  undoubted  pancreatic  diabetes  m  grain-eating 
birds. 

For  the  certain  production  of  diabetes,  complete  removal  of 
the  pancreas  is  necessary,  though  after  incomplete  removal 
diabetes  will  supervene  if  the  intra-abdominal  remnant  of  gland 
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undergoes  subsequent  atrophy.  In  dogs,  according  to  Minkowski, 
•f  four-fifths  of  the  pancreas  be  removed  the  animal  will  some- 
times manifest  diabetes  though  of  a  less  severe  type.  The  delay 
before  onset  of  diabetes  after  operation  varies  in  different  animals. 
Sandmeyer  found  that  in  dogs  it  appears  immediately  after 
operation  and  before  the  animals  have  received  food,  gradually 
rises  during  the  next  three  or  four  days,  remains  at  its  maximum 
for  a  few  days,  and  gradually  diminishes  till  death  occurs.  In 
frogs  Aldehoff  and  Markuse  found  that  diabetes  occurs  on  about 
the  fifth  day;  and  in  rabbits  Hedon  found  that  it  appears  at 
earhest  twenty  days  after  injection  of  oil  into  the  pancreatic  duct, 
and  is  at  its  height  between  the  thirtieth  and  thirty-fourth  days. 

Discussion  of  the  method  whereby  removal  of  the  pancreas 
leads  to  diabetes  will  be  reserved  till  later,  but  it  may  at  once  be 
stated  that  the  objection  raised  when  first  the  experiment  was 
made  known,  viz.  that  the  result  depends  upon  injury  to  the 
solar  plexus  or  other  nerves  in  the  neighbourhood  of  the  pancreas, 
is  not  a  good  one.  For  if  a  portion  of  the  gland  be  successfully 
transplanted  beneath  the  skin  of  the  abdomen  and  the  rest  of  the 
gland  be  removed  completely,  no  diabetes  occurs,  though  it  occurs 
immediately  if  the  subcutaneous  portion  be  removed  later,  lhat 
is  to  say,  diabetes  does  not  occur  when  there  is  possibihty  ot 
severe  nerve  lesion  and  does  occur  after  a  small  subcutaneous 
operation  of  no  moment  so  far  as  nerves  are  concerned. 

(7)  Phloridzin-poisonmg  is  highly  important  from  a  theoretical 
point  of  view,  because  the  diabetes  to  which  it  gives  rise  differs 
'  somewhat  from  other  varieties  of  experimental  diabetes.    It  leads 
to  the  presence  of  sugar  in  the  urme  not  by  its  own  disintegration 
(though  it  is  a  glucoside)  but  by  producing  changes  m  the 
animal  body  whereby  the  ammal's  excretion  of  sugar  is  increased ; 
for  administration  of  1  gm.  of  phloridzm  will  lead  to  the  excretion 
of  nearly  100  gms.  of  dextrose  in  the  urine.    Phloridzm  diabetes, 
according  to  most  authors,  differs  from  pancreatic  diabetes  m 
three  important  respects:  (1)  whereas  hyperglycemia  follows 
extirpation  of  the  pancreas,  hypoglycsemia  follows  admmistration 
of  phloridzin  (this  is  denied  by  Pavy) ;   (2)  when  pancreatic 
diabetes  is  at  its  height  a  further  increase  of  sugar  excretion  caji 
be  produced  by  administering  phloridzin;  and  (3)  according  to 
Minkowski  no  hyperglycsemia  results  in  phloridzm  diabetes  it  tne 
kidneys  are  removed,  whereas  marked  hyperglycEemia  occurs 
under  similar   conditions  in  pancreatic  diabetes.  Ihioridzm 
diabetes,  too,  is  important  in  that  it  occurs  under  conditions  in 
which  participation  of  the  liver  in  sugar-formation  is  impossible 
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or  improbable  ;  thus  Thiel  found  that  it  produces  diabetes  in 
geese  after  extirpation  of  the  hver;  Wolkow,  that  it  produces 
diabetes  after  ligature  of  the  hepatic  duct  has  led  to  disappear- 
ance of  glycogen  from  the  liver ;  von  Mering,  that  it  produces 
diabetes  when  the  hver  has  undergone  marked  fatty  degeneration, 
a  condition  in  which  it  fails  to  contain  glycogen. 

With  regard  to  the  method  whereby  phloridzin  leads  to 
diabetes  we  are  at  present  uncertain.  One  view  is  that  it  simply 
increases  elimination  of  sugar  by  the  kidney,  and  this  view  is 
based  on  the  behef  that  phloridzin  diabetes  is  accompanied  by 
'lypoglycaemia.  Minkowski  suggests  that  the  process  is  really 
confined  to  the  kidney,  that  in  this  organ  phloridzin  is  decom- 
posed into  phloretin  and  phlorose  (a  glucose),  and  that  the 
phloretin  combines  in  the  organism  with  glucose  to  be  again 
decomposed  m  the  kidney. •  But  Levene  found  in  some  cases 
that  the  amount  of  sugar  in  the  blood  becomes  diminished  when 
phloridzin  is  administered  after  ligature  of  the  renal  vessels,  and 
Cornevin  showed  that  phloridzin  greatly  increases  the  amount  of 
sugar  excreted  in  milk  ;  hence  phloridzin  cannot  have  a  specific 
action  on  the  renal  excretion  alone.  The  other  view  is  that 
phloridzin  leads  to  an  excessive  formation  of  glucose  and  that  it 
produces  the  glucose  at  the  expense  of  the  body  proteids ;  this 
view  is  probably  the  correct  one,  for  the  urine  gives  evidence  of 
excessive  destruction  of  proteid.  Levene  suggests  that  perhaps 
the  change  may  take  place  in  the  kidney,  for  in  eight  out  of  nine 
cases  he  found  that  the  blood  in  the  renal  vein  contained  more 
sugar  than  the  blood  in  the  artery. 

That  the  renal  epithelium  plays  a  fundamental  part  in  the 
production  of  phloridzin  diabetes  is,  however,  conclusively  proved 
by  Zuntz's  observation  that  the  injection  of  phloridzin  into  the 
renal  artery  of  one  kidney  leads  to  a  glycosuria  from  that  kidney 
which  occurs  earlier  than  and  is  more  pronounced  than  the 
glycosuria  from  the  other  kidney.  Moreover,  Pavy,  Brodie,  and 
Siau  have  shown  that  perfusion  of  a  kidney  removed  from  the 
body  with  defibrinated  blood  containing  phloridzin  causes  the 
formation  of  a  urine  which  contains  far  more  sugar  than  is  present 
in  the  blood  or  can  be  accounted  for  by  the  glucoside  constituent 
of  the  phloridzin.  These  authors  therefore  cannot  accept  the 
theory  of  phloridzin  diabetes  put  forth  by  Minkowski  and  men- 
tioned above,  but  consider  that  the  phloridzin  exerts  a  specific 
influence  on  the  cells  of  the  renal  tubules  whereby  they  obtain 

'  C„H,,0,„  (phloridzin)  +  H,0  =  C,,H,  fi,  (phloretin)  +  C„H,.A  (phlorose) ;  C„H,^0., 
(phloretin)  +  C„H|.^0„  (glucose;  =  C,,H,,,0,„  (phloridzin)  +  HoO. 
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the  power  of  breaking  down  some  material — probably  a  proteid 
suoar  compound— which  is  brought  them  by  the  blood.  In  this 
case  the  dextrose  would  be  set  free  by  the  renal  cells  in  the  same 
way  as  lactose  is  set  free  by  the  mammary  cells. 

With  regard  to  the  sugar-content  of  the  blood  in  phloridzin 
diabetes,  Pavy  ^  controverts  the  statement  that  there  is  hypo- 
glyc£Bmia.  He  believes  that  sources  of  error  occur  in  estimation 
of  suoar  for  which  allowance  has  not  been  made.  By  an  improved 
method  be  estimated  the  sugar-content  of  the  blood  in  eleven  cats 
to  which  phloridzin  had  been  given  and  always  found  a  marked 
hypei-glyc^mia.  Pavy  further  believes  that  the  drug  breaks  up 
proteid,  setting  free  a  glucoside  constituent,  the  existence  of 
which  in  proteid  he  has  attempted  to  prove  by  showing  that 
sugar  can  be  obtained  from  white  of  egg.  It  is  probable,  how- 
ever, that  this  sugar  is  derived  largely  from  ovo-mucoid ;  for  it  is 
known  that  mucin  yields  copper-reducing  substances  allied  with 
sugar  if  not  actually  sugar  itself. 

The  Theories  of  Diabetes  MelUtus.— The  theories  that  have 
been  put  forward  to  explain  diabetes  mellitus  either  lay  stress 
upon  an  increased  production  of  sugar  or  upon  a  diminished 
consumption ;  of  these,  theories  belonging  to  the  former  class  are 
the  more  numerous,  and  almost  without  exception  they  locate  the 
seat  of  increased  sugar-formation  in  the  hver. 

(1)  Vaso-hepatic  Theorij.—kiiex  Claude  Bernard  had  pro- 
pounded the  doctrine  that  normally  the  liver  supplies  sugar  to  the 
blood  by  the  action  of  an  amylolytic  ferment  upon  the  glycogen 
which  it  has  formed  from  the  carbohydrates  of  the  food  and  has 
stored  up  in  its  cells,  it  was  concluded  that  in  diabetes  we  have  an 
excessive  formation  of  sugar  in  the  liver.  And  after  Bernard  had 
further  found  that  puncture  of  the  floor  of  the  fourth  ventricle  ni 
the  neighbourhood  of  the  vaso-motor  centre  leads  to  hyper- 
glycffimia  and  the  presence  of  sugar  in  the  urine,  it  was  held  that 
the  excessive  formation  of  sugar  in  diabetes  depends  upon  an 
increased  vascularity  of  the  hver  of  vaso-motor  origin. 

This  theory,  which  we  may  call  the  '  vaso-hepatic  '  theory, 
though  generally  accepted,  met  with  some  opposition;  it  was 
severely  criticised  by  Cohnheim.  Cohnheim  pointed  out  that 
there  was  no  incontrovertible  evidence  that  sugar  is  formed  from 
glycogen,  and  that  there  is  evidence,  from  the  fact  that  the 
normal  amount  of  sugar  is  present  in  the  blood  of  animals  fed  on 
food  free  from  carbohydrate,  that  the  sugar  in  the  blood  may  be 
derived  from  material  other  than  carbohydrate,  material  which 
'  '  Proc.  Physiol.  Soc.,'  Jonrn.  of  Physiol.  189fi,  vol.  xx. 
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there  is  other  evidence  to  show  is  proteid.  Moreover,  even  if 
sugar  be  formed  from  glycogen  there  is  no  evidence  that  it  is 
formed  from  the  glycogen  of  the  liver  alone,  since  glycogen  is 
widely  spread  throughout  the  animal  body.  And  lastly,  even  if 
the  liver  formed  glycogen  and  the  glycogen  became  haemal  sugar, 
he  denied  that  there  was  any  clinical  or  experimental  evidence  of 
increased  vascularity  of  the  liver,  and  maintained  that  in  any  case 
puncture  of  the  fourth  ventricle  could  not  bring  about  such  an 
increased  vascularity  with  accelerated  blood-flow  as  was  supposed 
by  supporters  of  the  theory. 

(2)  Glijcoly tic-ferment  Theory.  —  Though  the  vaso-hepatic 
theory  did  not  gain  Cohnheim's  acceptance,  he  hesitated  to  deny 
the  possibility  of  increased  sugar-formation  in  diabetes,  but 
modified  the  theory  by  adding  the  idea  that  there  is  diminished 
destruction  of  sugar.  This  diminished  destruction,  he  considered, 
might  be  due  to  some  defect  in  the  liver,  for  he  readily  granted 
that  sugar  absorbed  from  the  intestinal  tract  is  lost  in  the  liver, 
and  that  in  artificial  (puncture)  diabetes  there  is  evidence  of  liver 
change  in  the  loss  of  hepatic  glycogen  that  occurs — but  on  the 
whole  he  considered  that  diabetes  depends  upon  '  the  absence  of 
a  ferment  which  in  a  normal  condition  initiates  the  further 
destruction  of  dextrose.'  ^  This,  which  we  may  call  the  '  glyco- 
lytic-ferment '  theory,  is  largely  held  in  an  extended  form  at  the 
present  day. 

(3)  Tissite-glyculytic  Theory. — Besides  the  view  that  insuffi- 
cient glycolysis  depends  upon  the  absence  of  a  ferment,  a  view  to 
which  reference  will  again  be  made  shortly,  it  has  been  held  that, 
in  diabetes,  oxidation  in  the  tissues  is  diminished,  so  that  less 
sugar  is  consumed  than  normal.  This  view,  which  essentially 
rests  upon  the  observation  that  in  diabetes  there  is  an  abnormally 
small  formation  of  CCj,  has  been  supported  by  Ebstein  and  von 
Noorden.  In  spite  of  assertions  to  the  contrary,  the  bare  state- 
ment that  the  production  of  CO^  and  the  respiratory  quotient  are 
lower  in  diabetic  persons  than  in  healthy  persons,  is  shown  by 
Weintraud  and  Laves  to  be  true.  But  this  does  not  mean  that 
the  oxidative  processes  in  the  tissues  are  less  in  diabetes  than  m 
health,  for  such  is  not  the  case ;  it  means  that  the  diabetic 
patient,  being  unable  to  use  sugar  for  thermogenesis,  breaks  down 
proteid  and  fat  for  the  purpose.  Nevertheless,  though  these 
authors  found  in  dogs  made  diabetic  by  extirpation  of  the 
pancreas  that  the  output  of  CO^  and  the  respiratory  exchange 
are  much  the  same  as  in  normal  dogs,  they  found  that  in  them 

'  Cohnheini,  loc.  cit.  p.  940. 
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administration  of  dextrose  leads  to  a  smaller  rise  of  the  respiratory 
quotient  than  it  does  in  normal  dogs.  Von  Noorden  lays  great 
stress  upon  this  observation,  as  showing  that  in  diabetes  sugar 
consumption  in  the  tissues  is  diminished. 

(4)  Neurosecretory  Theory. — Besides  the  vaso-hepatic  and  the 
glycolytic  theories,  mention  must  also  be  made  of  a  theory  which 
may  be  designated  the  '  neuro-secretory '  theory  of  diabetes. 
According  to  this  view  the  liver  is  suppHed  with  definite  glyco- 
secretory  nerves   which  are  independent   of   the  vaso-motors. 
Though  the  existence  of  these  nerves  has  not  been  anatomically 
demonstrated,  it  is  an  undoubted  fact  that  lesion  of  nerve  matter 
in  certain  regions  is  very  liable  to  induce  glycsemia  and  glycosuria. 
Further,  Cavazanni  found  that  stimulation  of  the  coehac  axis 
increases  sugar-formation  in  the  liver,  and  Levenne  found  that 
stimulation  of  the  peripheral  end  of  the  vagus  has  a  similar  effect.^ 
So,  too,  Morat  and  Dufourt,  starting  from  the  fact  that  after 
section 'of  the  splanchnics,  cerebral  puncture  does  not  lead  to 
glycosuria,  found  (1)  that  stimulation  of  the  peripheral  end  of  the 
splanchnics  in  dogs  increases  the  amount  of  sugar  in  arterial 
blood,  and  (2)  that  the  glycsemia  which  follows  on  cessation  of 
artificial  respiration  in  curarised  dogs  does  not  take  place  if  the 
splanchnics  are  cut.    In  a  crude  form  the  idea  that  diabetes  is  a 
disease  of  nervous  origin  is  old,  and  depended  largely  upon  the 
clinical  experience  that  diabetes  is  hable  to  occur  in  persons  who 
have  lately  been  subjected  to  nervous  worry  or  who  have  received 
injuries  to  the  head.    And  Dickinson  endeavoured  to  support  this 
theory  by  the  histological  changes  that  he  observed  in  the  brains 
of  diabetics.    But  the  view  that  diabetes  and  glycosuria  depend 
upon  excitation  of  glyco-secretory  nerves  is  a  later  development. 

All  these  theories  have  undergone  some  modification  since  the 
time  when  von  Mering  and  Minkowski  demonstrated  the  import- 
ance of  removal  of  the  pancreas  in  causing  diabetes.  The  vaso- 
hepatic  theory,  it  is  true,  is  now  dead  ;  but  modified  glycolytic 
theories  and  a  modified  neuro-secretory  theory  still  claim  their 
adherents. 

The  Pancreas  and  Dia.hetes.— The  essential  point  of  von 
Mering  and  Minkowski's  observation  lies  in  the  proof  it  gives  that 
the  pancreas  has  an  internal  as  well  as  an  external  secretion  ;  it 
is  the  absence  of  the  internal  secretion  which  leads  to  diabetes. 

'  It  is  not  impossible  that  stimulation  of  the  vagus  acts  by  way  of  the  pancreas,  for 
Pawlow  found  that  vagus  stimulation  increases  the  external  secretion  of  the  pancreas, 
and  Melt  found  that  it  leads  to  the  appearance  of  pancreatic  ferment  in  the  otherwise 
fement-free  pancreatic  juice  of  starving  dogs. 
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Controversy  now  turns  upon  the  nature  and  the  function  of  this 
internal  secretion.  Upon  quite  insufficient  grounds  it  is  generally 
assumed  to  be  of  the  nature  of  a  ferment,  but  questions  as  to  its 
nature  are  insignificant  in  comparison  with  questions  as  to  its 
function. 

Lepine  holds  that  the  internal  secretion  of  the  pancreas  is  a 
glycolytic  ferment  such  as  that  which  Cohnheim  supposed  to 
exist.  He  found  if  the  finely  divided  pancreas  be  digested  for  2-8 
hours  with  a  -2  per  cent,  solution  of  sulphuric  acid  in  distilled 
water,  then  neutrahsed,  and  to  the  solution  glucose  be  added  and 
the  whole  be  further  digested  for  one  hour,  that  about  half  the 
added  glucose  has  been  destroyed.  This  destruction  Lepine 
believes  is  due  to  the  fact  that  the  acid  converts  a  zymogen  con- 
tained in  the  pancreas  into  glycolytic  ferment.  Normally, 
according  to  Lepine,  the  pancreas  throws  into  the  blood  by  way 
of  the  lymphatics  a  glycolytic  ferment,  the  absence  of  which  from 
the  blood  in  animals  from  which  the  pancreas  has  been  extirpated 
allows  accumulation  of  glucose  in  the  blood  and  excretion  of 
glucose  by  the  m'ine.  He  asserts,  further,  that  in  the  blood  of 
diabetics  there  is  less  glycolytic  ferment  than  in  normal  blood. 
We  have  already  referred  to  the  question  whether  normal  blood 
contains  a  glycolytic  ferment  (p.  564) ;  but  though  Spitzer  allows 
that  this  is  the  case  and  that  the  glucose  is  oxidised  to  carbonic 
acid  and  water,  he  cannot  confirm  Lepine's  statement  that  there 
is  a  difference  between  normal  and  diabetic  blood  in  this  respect. 
He  found  that  the  glycolytic  power  of  the  blood  of  five  diabetic 
persons  was  about  the  same  as  that  of  healthy  persons.  It  is  not 
certain,  however,  even  if  the  accuracy  of  Lepine's  observation 
upon  the  destruction  of  sugar  by  the  finely  divided  pancreas  be 
fully  granted,  that  such  destruction  should  be  caused  by  a  special 
glycolytic  ferment.  '  It  is  now  well  recognised  that  tissues  of 
various  sorts  may  undergo  autolysis  when  removed  from  the  body, 
and  the  cause  of  the  autolysis  of  the  tissue  cells  may  also  be  the 
cause  of  the  destruction  of  glucose  in  the  experiment  referred  to. 

But  other  views  are  taken  with  regard  to  the  function  of  the 
internal  secretion  of  the  pancreas.  Chauveau  and  Kauffmann 
hold  that  the  ferment  influences  sugar  production.  They  cannot 
determine  how  it  does  this,  but  conclude  that  it  does  not  act  by 
way  of  the  central  nervous  system,  since  Hedon  has  shown  that 
cerebral  puncture  leads  to  a  further  increase  of  sugar  in  the  urine 
of  a  dog  from  which  the  pancreas  has  been  extirpated.  They 
•decide  against  the  view  that  pancreatic  diabetes  depends  upon  a 
diminished  consumption  of  sugar  in  the  tissues,  because  they 
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themselves  found  by  quantitative  estimation  that  the  amount  of 
su<yai-  used  up  in  the  muscles  of  diabetic  animals  is  the  same  as  it 
is  tn  normal  animals,  and  because  Weintraud  and  Laves  found 
that  the  respiratory  exchange  and  the  respiratory  quotient  of 
diabetic  dogs  is  the  same  as  that  of  normal  dogs.  Dastre,  w^orkiag 
on  asphyxia,  also  came  to  the  conclusion  that  the  glycsemia  and 
olycosm-ia  seen  under  this  condition  depend  especially  upon  an 
increased  sugar-formation  in  the  liver. 

Von  Mering  and  Minkowski  keep  an  open  mind  as  regards  the 
action  of  pancreatic  internal  secretion.    They  consider  it  possible 
that  it  may  influence  either  the  production  of  sugar  from  glycogen 
by  its  action  on  the  liver-cells,  or  the  production  of  glycogen  from 
dextrose  by  its  action  on  dextrose,  or  the  tissues  of  the  body  so 
that  they  consume  the  dextrose  form  of  sugar.    Under  any  of 
these  conditions  absence  of  the  internal  secretion  would  lead  to 
glycfemia  and  diabetes.    Upon  the  first  hypothesis  because  the 
hepatic  cells  would  convert  glycogen  into  sugar  at  an  abnormally 
rapid  rate  owing  to  the  absence  of  a  restraining  influence.  Upon 
the  second  hypothesis  because  the  Hver  would  not  receive  from 
the  food  that  form  of  sugar  (perhaps  Isevulose)  from  which  alone 
it  can  form  glycogen,  and  the  dextrose  of  the  portal  vein  would 
pass  into  the  general  circulation  and  be  excreted.    Upon  the  third 
hypothesis  because  absence  of  the  internal  secretion  would  affect 
the  tissues  in  such  a  way  that  they  would  no  longer  be  able  to 
use  the  dextrose  form  of  sugar  ;  normally,  under  the  influence  of 
a  regulating  mechanism,  when  there  is  need  of  sugar  in  the 
tissues,  dextrose  is  produced  by  the  liver  and  is  used  by  the 
tissues ;  in  the  absence  of  pancreatic  internal  secretion,  the  liver 
under  similar  circumstances  would  produce  dextrose  as  usual,  but 
the  tissues  not  being  able  to  make  use  of  sugar  in  this  form,  the 
dextrose  would  be  excreted. 

But  though  von  Mering  and  Minkowski  have  added  a  fact  of 
vast  importance  not  only  to  our  knowledge  of  diabetes  but  to  the 
far  wider  question  of  internal  secretions,  and  though  clinical  and 
experimental  evidence  are  well  in  accord,  we  are  stfll  far  from 
understanding  the  pathology  of  diabetes  melhtus.  That  the 
pathology  is  not  bound  up  with  the  pancreas  alone  is  shown  by 
the  facts,  among  others,  that  cerebral  puncture  and  administra- 
tion of  phloridzin  lead  to  a  further  excretion  of  sugar  m  animals 
made  diabetic  by  extirpation  of  the  pancreas.  Absence  of  the 
pancreatic  internal  secretion  is  an  important  cause,  but  it  is  not 
the  only  cause,  of  the  appearance  of  sugar  in  the  urme.  More- 
over, it  is  possible  that  the  pancreatic  internal  secretion  may  act 
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by  way  of  the  same  mechanism  as  cerebral  punctm-e  and  phlorid- 
•    zin,  but  it  is  manifestly  impossible  that  cerebral  puncture  or 
phloridzin  can  act  only  by  way  of  the  pancreas  and  its  internal 
secretion  if  they  act  through  it  at  all. 

Probably  it  will  be  found  that  we  have  here  three  different 
ways  in  which  one  condition  which  leads  to  glycsemia  and  diabetes 
can  be  brought  about,  just  as  shock,  haamorrhage,  section  of  the 
splanchnics  are  three  different  ways  by  which  one  condition — fall 
of  blood-pressure — which  leads  to  a  diminution  of  urinary  secretion 
can  be  brought  about.  May  has  shown  that  in  fever  the  con- 
sumption of  proteid  can  be  diminished  by  administration  of 
glucose,  a  fact  which  suggests  that  in  fever  when  glycogen 
throughout  the  body  is  greatly  diminished,  the  necessary  glucose 
is  supplied  in  part  or  in  whole  by  destruction  of  proteid.  If  this 
be  so,  and  if,  in  fever,  proteid  is  modified  and  converted  into 
nitrogenous  bodies  and  glucose,  of  which  the  glucose  is  used  up 
by  the  tissues  and  the  nitrogenous  bodies  are  excreted,  it  is 
possible  that  by  other  and  various  causes  not  accompanied  by 
fever  the  same  modification  and  conversion  of  proteid  is  brought 
about,  with  the  result  that  there  being  no  especial  use  for  the 
glucose,  it,  as  well  as  the  nitrogenous  bodies,  is  removed  by  the 
kidneys.  There  would  thus  be  produced  the  morbid  condition 
which  we  recognise  clinically  as  diabetes  mellitus.  Three  facts 
are  important  in  this  connection :  (1)  when  a  diabetic  person 
suffers  from  any  intercurrent  febrile  disease  the  sugar  in  his 
urine  generally  diminishes  in  amount  and  often  disappears  alto- 
gether ;  (2)  phloridzin  leads  to  a  diabetes  which  is  accompanied 
by  destruction  of  proteid  ;  (3)  bodies  chemically  allied  to  sugar, 
and,  in  some  cases,  true  sugars,  can  be  obtained  from  chondrin, 
iijucin,  colloid  substances,  which  are  widespread  in  the  animal 
body,  are  closely  allied  to  proteid,  and  into  the  last  two  of  which 
we  have  ample  evidence  that  proteid  may  degenerate. 

More  than  this  cannot  be  said  at  present,  but  clinically  and 
experimentally  there  seems  to  be  a  fundamental  difference  between 
glycosuria  and  diabetes.  An  animal  can  only  be  made  giycosuric 
by  cerebral  puncture  or  by  injection  of  curare  if  its  liver  contains 
glycogen  ;  such  a  condition  is  immaterial  for  the  production  of 
phloridzin  diabetes  or  pancreatic  diabetes.  It  is  possible  that  the 
giycosuric  animal  excretes  sugar  derived  from  carbohydrate,  while 
the  diabetic  excretes  sugar  derived  from  proteid.  Such  a  differ- 
ence in  origin  would  well  accord  with  our  knowledge  as  to  the 
relative  gravity  of  the  two  conditions  so  far  as  life  is  concerned. 

With  regard  to  the  part  played  by  the  pancreas  in  causing 
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diabetes,  two  further  points  are  of  importance.    Keference  lias 
already  been  made  to  the  fundamental  importance  which  seems  • 
to  attach  to  the  islands  of  Langerhans.    It  is  clear  that  the 
normal  physiology  of  these  groups  of  cells  calls  for  investigation. 
Their  relations  to  the  true  pancreatic  substance  recall  those  of  the 
parathyroids  to  the  thyroid  body,  and  their  normal  physiology  is, 
at  present,  equally  obscure.    The  second  point  has  reference  to 
the  work  done  by  BayHss  and  Starling  upon  the  pancreatic 
secretion.    These  authors  found  that   pancreatic   secretion  is 
normally  called  forth  by  the  action  of  a  substance  (secretin) 
formed  in  the  epitheHal  cells  of  the  upper  part  of  the  small 
intestine  under  the  influence  of  acid.    Under  certain  circumstances 
they  were  able  to  produce  a  paralytic  secretion  of  a  special  kind 
of  juice.    It  is  possible  that  diabetes  as  a  disease  might  be 
caused  by  an  atrophy  of  the  pancreas  induced  by  a  chronic 
hypersecretion,  just  as  atrophy  of  a  saHvary  gland  follows  upon 
the  estabhshment  of  a  paralytic  secretion.    This,  however,  is 
pure  hypothesis. 

In  diabetes,  when  the  sugar  excretion  has  been  brought  to  its 
lowest  point  by  dieting,  consumption  of  a  single  article  of  carbo- 
hydrate food  leads  to  an  increase  in  the  output  of  sugar  far 
exceeding  the  amount  contained  in  the  article  of  food  itself. 
This  fact  has  always  proved  a  stumbling-block  in  the  way  of 
theories  of  diabetes.    We  have,  it  is  true,  a  similar  result  in  the 
case  of  phloridzin,  and  we  know  that  when  a  fasting  animal  has 
reduced  his  nitrogen  output  to  the  lowest  level  compatible  with 
life,  administration  of  a  single  meal  of  proteid  food  leads  to  an 
increase  of  his  nitrogenous  output  far  exceeding  the  amount  of 
nitrogen  given  in  the  food.    In  this  last  case  we  say  that  proteid 
is  a  stimulus  to  proteid  katabolism,  in  the  case  of  phloridzin  we 
might  say  that  the  glucoside  is  a  stimulus  to  proteid  katabolism, 
and  if  the  suggestion  as  to  the  proteid  origin  of  diabetic  sugar  be 
true,  we  might  say  that  in  the  case  of  diabetes,  carbohydrate  is  a 
stimulus  to  proteid  katabohsm.    Of  the  fact  itself  that  sugar  is  a 
stimulus  to  proteid  metabolism  there  is  no  doubt,  for  Scott  found 
that  subcutaneous  injection  of  small  amounts  of  cane  sugar  or  of 
dextrose  in  dogs  and  rabbits  led  to  a  considerable  increase  m  the 
total  nitrogen  and  ammonia  excretion  in  the  urine,  which  lasted 
long  after  the  administration  of  sugar  ceased,  and  caused  great 
emaciation  of  the  animal.    And  so  far  as  diabetes  itself  is  con- 
cerned, Einger  found  that  ingestion  of  non-nitrogenous  food  is 
followed  by  a  markedly  increased  output  of  urea  as  well  as  by  an 
increased  output  of  sugar.    But  in  all  these  cases,  though  they 
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have  probably  close  analogies,  the  '  explanation '  given  is  no 
explanation,  but  only  a  periphrasis. 

To  sum  up.  We  cannot  as  yet  formulate  one  theory  to 
explain  all  morbid  conditions  in  which  sugar  is  discharged  with 
the  urine.  Nor  can  we  positively  say  whether  that  excretion  of 
sugar  depends  upon  an  excessive  formation  or  upon  a  diminished 
consumption  ;  but  the  weight  of  evidence  is  in  favour  of  the 
view  that  excessive  quantities  of  sugar  are  produced,  and  it  is 
generally  held  that  the  seat  of  that  excessive  formation  of  sugar 
is  the  hver.  There  is  evidence,  however,  which  suggests  forcibly 
that  in  phloridzin  diabetes,  in  pancreatic  diabetes,  and  in  diabetes 
mellitus  the  sugar  may  be  of  proteid  origin,  in  which  case  the 
seat  of  formation  would  probably  not  be  confined  to  the  liver. 
Nevertheless,  the  possibility  even  in  these  diseases  that  the  sugar 
is  of  carbohydrate  origin  cannot  be  excluded. 

Diabetic  Coma. — Before  leaving  the  subject  of  diabetes  it  is 
necessary  to  remark  that  in  a  large  number  of  cases  the  patient 
dies  comatose.  Into  the  actual  characters  of  this  coma  and  its 
differences  from  other  varieties  of  unconsciousness  it  is  not 
possible  to  enter  here.  Concerning  the  pathology  of  the  condition 
itself  there  is  difference  of  opinion,  and  almost  all  of  the  abnormal 
constituents  of  the  blood  and  urine  have  been  incriminated  in 
turn.  The  tendency  is  to  ascribe  it  to  the  action  of  /3-oxybutyric 
acid  ;  but  Sternberg,  maintaining  that  neither  /3-oxybutyric  acid 
nor  its  oxidation  products  have  been  shown  experimentally  to 
possess  a  specific  action  in  the  sense  of  causing  diabetic  coma, 
argues  that  ;S-amidobutyric  acid,  which  he  regards  on  theoretical 
grounds  as  the  mother  substance  of  /3-oxybutyric,  is  probably  the 
active  material.  He  succeeded  in  preparing  this  substance  outside 
the  body,  and  found  that  when  administered  to  animals  it  is  highly 
toxic  in  the  direction  of  causing  narcosis  with  the  characteristic 
features  of  diabetic  coma.  Magnus-Levy  adheres  to  the  opinion 
that  the  coma  is  essentially  the  result  of  acidosis  (/3-oxybutyric 
acid  in  particular),  and  refers  to  the  excellent  results  obtained  by 
treating  patients  with  enormous  doses  of  sodium  bicarbonate.  So 
far  as  concerns  the  origin  of  the  /3-oxybutyric  acid  and  the  acetone, 
many  authors  believe  that  they  result  from  the  katabolism  of 
proteid,  but  Magnus-Levy  holds  that  they  are  almost  entirely,  if 
not  entirely,  synthesised,  or  are  derived  from  fat. 

(V)  The  Substances  discharged  are  GASTRIC  CONTENTS.— 
Under  these  circumstances  material  which  is  nominally  retained  in 
the  body  is  disharged  by  vomiting.  The  actual  mechanism  of  this 
act  it  is  unnecessary  to  discuss  here,  since  the  subject  of  gastric 
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vomiting  is  fully  considered  in  works  on  physiology,  and  that  of 
ftecal  vomiting  is  considered  later  (p.  580).  So  far  as  the  patho- 
lof^y  of  the  condition  is  concerned,  it  must  be  noted  that  vomiting 
may  be  dependent  upon  gastric  causes  {e.g.  gastritis,  dilatation  of 
stomach,  gastric  ulcer,  carcinoma  &c.),  or  may  be  fundamentally 
nervous.  Of  the  latter  kind  is  the  vomiting  seen  in  migraine,  in 
cerebral  tumour,  and  other  intra-cranial  conditions.  It  is  prob- 
able, too,  that  the  vomiting  which  denotes  the  onset  of  acute 
intestinal  obstruction,  as  well  as  that  in  biliary  and  renal  colic 
and  in  pregnancy,  is  largely  of  nervous  origin.  Into  the  different 
appearances  of  the  vomit  under  different  circumstances  and  their 
diagnostic  importance  it  is  impossible  to  enter  here. 

IV.  Morbid  Conditions  in  which  Substances  nopmally 
discharg-ed  are  retained  within  the  Body.— The  subjects  that 
will  be  dealt  with  in  this  section  are  :  (i)  retention  of  faeces,  (ii) 
retention  of  urine  and  urinary  constituents,  (iii)  calculi.  In  the 
case  of  the  first  two  it  will  often  be  necessary  to  distinguish 
betw^een  conditions  in  which  the  retention  is  relative  only  and 
those  in  which  it  is  absolute,  for  the  clinical  features  are  generally 
very  different  in  the  two  groups  of  cases. 

(i)  Retention  of  Fseces. — Eetention  of  faeces  may  be  (a)  relative 
(constipation)  or  {b)  absolute  (complete  intestinal  obstruction). 

{a)  In  constipation  the  bowels  act,  but  either  the  evacuations 
are  too  small  or  take  place  at  inordinately  long  intervals,  so  that 
the  fseces  remain  in  the  body  for  an  abnormal  length  of  time. 
Pollock  records  a  case  in  which  an  action  of  the  bowels  took  place 
once  every  three  months  ;  this  is,  of  course,  remarkable,  but  cases 
in  which  there  is  an  action  only  once  a  week  are  by  no  means 
uncommon. 

The  causes  of  constipation  are  innumerable,  but  most  of  them 
iiiay  be  included  in  one  or  other  of  the  four  following  classes  :  (1) 
constipation  from  obstruction  ;  (2)  constipation  from  impairment 
of  intestinal  propulsive  power ;  (8)  constipation  from  abnormal 
consistency  of  the  faeces ;  (4)  constipation  due  to  lowering  of 
reflex  irritalnlity  of  the  defaecation  centre  in  the  lumbar  cord. 

We  cannot  discuss  these  classes  in  detail,  but  the  following 
particulars  are  sufficient  to  indicate  the  kind  of  condition  included 
under  each  heading. 

(1)  Obstruction  may  come  from  within  the  bowel  or  from 
without.  Thus  it  may  depend  upon  new-growths  of  the  intestinal 
wall  or  of  neighbouring  parts  such  as  the  uterus,  upon  inflamma- 
tory adhesions  due  to  antecedent  peritonitis,  upon  cicatrices  in 
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the  gut,  upon  malposition  of  viscera,  such  as  a  retroverted  uterus 
&c.  Obstructive  constipation  very  often  ends  in  absolute  retention 
of  faeces. 

(2)  Impairment  of  propulsive  power  may  depend  upon  weak- 
ness of  the  muscular  coat  of  the  intestine,  or  of  muscles  accessory 
to  defeecation,  e.g.  diaphragm  and  abdominal  muscles.  Thus 
constipation  occurs  in  persons  whose  abdominal  walls  have  been 
repeatedly  stretched  by  successive  pregnancies  or  by  ascitic 
accumulation  of  fluid,  and  in  persons  in  whom  intestinal 
muscular  power  has  been  impaired  by  febrile  disease  ^  or  by 
chronic  over-distension  of  the  gut,  and  so  forth.  Or  it  may 
depend  upon  impairment  of  nervous  supply  to  the  intestinal 
muscles ;  such,  according  to  Lauder  Brunton,  is  probably  the 
explanation  of  the  obstinate  constipation  occurring  in  melancholia, 
mania,  and  cerebral  disease  generally. 

(3)  Abnormal  consistency  of  the  fteces  may  lead  to  constipa- 
tion, because  the  faeces,  when  they  reach  the  lower  part  of  the 
intestine,  are  either  so  hard  and  dry  that  they  cannot  readily  be 
forced  onwards,  in  which  case  the  condition  approximates  to 
obstructive  constipation,  or  because  they  are  so  soft  that  they  do 
not  sufficiently  stimulate  the  bowels  to  peristalsis.  These  condi- 
tions depend  partly  on  the  amount  of  water  in  the  faeces,  partly  upon 
the  physical  characters  of  the  solid  constituents,  factors  which 
may  obviously  be  varied  by  many  conditions,  of  which  alteration 
in  the  character  of  the  food  taken  by  the  mouth,  alteration  in 
the  excretion  of  water  by  other  paths  than  the  bowels,  alterations 
in  the  rate  at  which  the  intestinal  contents  travel  along  the  gut, 
are  the  most  important. 

(4)  Lowering  of  reflex  irritability  of  the  defaecation  centre  is  a 
very  important  cause  of  constipation.  In  most  cases  it  depends 
upon  the  fact  that  the  reflex  act  of  defaecation  when  called  forth 
by  the  stimulus  of  faces  in  the  rectum  is  voluntarily  and 
habitually  inhibited,  so  that  a  kind  of  torpor  of  the  reflex  centre 
has  been  ultimately  produced.  This  may  depend  upon  sloth, 
misplaced  modesty,  the  fear  of  pain  induced  by  defaecation  owng 
to  the  presence  of  fissure  at  the  anus  &c.  or  upon  many  other 
causes.  On  the  other  hand,  inhibition  of  the  reflex  centre  may 
be  involuntary,  as  for  example  when  ovarian  or  uterine  irritation 
leads  to  a  constipation  which  disappears  when  the  particular 

'  The  constipation  of  peritonitis  and  perityphlitis,  which  may  and  frequently 
does  amount  to  absoUite  retention,  is  of  this  nature,  though  probably  reflex 
inhibition  also  plays  a  part.  The  intestinal  muscle  in  these  cases  is  exactly 
comparable  to  the  muscle  in  the  neighbourhood  of  an  inflamed  joint. 
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irritation  is  allayed.  Or,  again,  the  mechanism  of  defaecation 
may  be  included  in  a  general  weakness  of  nervous  tone  such  as 
is  summed  up  in  the  condition  known  as  '  neurasthenia.'  It  is 
possible,  too,  in  neurotic  persons  and  in  those  who  habitually  use 
the  higher  functions  of  the  brain,  that  abnormal  development  of 
certain  functions  of  the  brain  and  spinal  cord  takes  place  at  the 
expense  of  others,  and  that  in  this  way  the  mechanism  concerned 
in  deffecation  may  suffer. 

The  results  of  constipation  are  as  varied  as  their  causes  ;  they 
may  probably  be  referred  in  large  part  to  absorption  of  toxic 
substances  formed  in  the  bowel  by  bacteria,  but  at  present  we 
know  little  as  to  the  nature  of  these  substances  and  still  less  as  to 
the  manner  in  which  they  act.  In  fact  we  do  not  even  know 
whether  the  same  substances  are  formed  in  constipation  as  in 
health.  Sir  Andrew  Clark,  indeed,  suggested  that  the  anaemia  of 
girls  is  largely  due  to  '  coprtemia,'  a  name  which  he  coined  to 
imply  that  the  blood  is  charged  with  substances  of  faecal  origin. 
But  however  probable  this  may  be,  there  is  no  positive  evidence 
that  constipation  alters  the  constitution  of  the  blood.  Many 
persons  in  seemingly  perfect  health  have  throughout  their  lives 
been  the  subjects  of  marked  constipation.  Acting  as  mechanical 
irritants,  hard  masses  of  faeces  (scybala)  may  lead  to  the  formation 
of  '  faecal  ulcers.' 

(6)  Absolute  retention  of  faeces  only  occurs  in  intestinal  ob- 
struction and  in  peritonitis.  Of  tliese  conditions,  too,  it  occurs 
especially  in. the  acute  varieties.  It  is  necessary  to  draw  a  sharp 
line  of  distinction  between  (1)  absolute  retention  suddenly  pro- 
duced and  (2)  absolute  retention  gradually  produced,  for  the 
characters  presented  by  cases  of  the  two  kmds  are  very  different. 

We  may  leave  on  one  side  consideration  of  peritonitis,  for  it 
presents  no  special  pathological  features  in  respect  of  retention 
of  fasces  that  call  for  remark.  But  it  must  be  noted  that  most  of 
the  symptoms  seen  in  cases  where  there  is  absolute  retention  of 
faeces  of  sudden  onset,  are  in  large  part  due  to  the  acute  peri- 
tonitis which  accompanies  acute  intestinal  obstruction.  This 
peritonitis  depends  upon  infection  by  micro-organisms  that  have 
escaped  from  the  bowel,  sometimes  through  an  actual  perfora- 
tion, more  generally  through  the  anatomically  intact  intestinal 
wall. 

(1)  Absolute  retention  of  sudden  onset  is  seen  in  its  simplest 
form  in  acute  intestinal  obstruction  occurring  in  a  healthy 
individual.  But  it  is  also  seen  in  patients  who  have  suffered  from 
constipation  (or  spurious   diarrhoea)  as  the  result  of  chronic 
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intestinal  obstruction.  Sooner  or  later  almost  all  cases  of  chronic 
intestinal  obstruction  end  in  absolute  retention  of  sudden  onset. 
Widely  different,  therefore,  though  acute  and  chronic  intestinal 
obstruction  undoubtedly  are,  in  this  point  they  agree. 

Intestinal  obstruction  leading  to  absolute  retention  of  faeces  of 
sudden  onset — in  short,  acute  intestinal  obstruction  whether 
primary  or  secondary — unless  relieved,  terminates  fatally  within 
six  or  seven  days.  It  is  accompanied  by  profound  shock  (and 
later  by  collapse),  by  vomiting  which  ultimately  becomes  fsscal,' 
by  pain,  by  diminution  in  the  excretion  of  urine. 

Concerning  the  shock  and  collapse  it  will  be  necessary  to  speak 
later.  The  vomiting  is  at  first  probably  of  reflex  origin,  such  as 
that  which  accompanies  conditions  causing  severe  pain,  e.g. 
crushing  of  the  testis,  passage  of  a  renal  or  a  biliary  calculus, 
dislocation  of  a  semilunar  cartilage  in  the  knee-joint.  Later  it 
depends  upon  the  increased  peristalsis  which  occurs  in  the 
intestine  above  the  seat  of  obstruction,  and  which,  in  obstruction 
low  down,  may  be  so  marked  as  to  be  perceptible  by  the  hand,  or 
even  obvious  to  the  eye  through  the  tense  abdominal  walls.  In 
fiscal  vomiting,  the  intestinal  contents,  and  not,  as  in  ordinary 
vomiting,  the  gastric  contents  alone,  are  ejected.  At  one  time  it 
was  thought  that  ftecal  vomiting  depends  upon  a  reversed 
peristalsis  such  as  is  seen  to  take  place  in  the  oesophagus  in 
ordinary  vomiting,  but  it  is  now  generallj'' taught  that  in  intestinal 
obstruction  the  direction  of  intestinal  peristalsis  is  unaltered,  and 
that  fsBcal  vomiting  is  brought  about  in  the  following  way. 
Peristalsis  acts  to  a  greater  extent  upon  the  peripheral  portions  of 
the  intestinal  contents  than  upon  the  axial  portions,  and  when 
the  peripheral  portions  meet  the  obstruction,  continued  peristalsis 
forces  them  in  the  direction  of  least  resistance,  which  is  backwards 
in  the  axis  of  the  gut  towards  the  stomach.  The  pain  of  acute 
intestinal  obstruction,  often  very  severe,  is  partly  due  to  direct 
injury  of  the  intestine,  partly  to  the  peritonitis,  partly  to  the 
forcible  peristaltic  contractions  above  the  obstruction,  and  partly 
to  mechanical  distension  from  accumulation  of  putrefactive  gases 
(tympanites).     The  diminution  of  urine  is  commonly  said  to 

'  This  statement  is  not  absolutely  correct ;  when  obstruction  occurs  in  the  jejunum 
or  upper  part  of  the  ileum  the  vomit  can  never  be  strictly  'fascal,'  though  it 
may  have  an  'intestinal  odour.'  For  the  occurrence  of  fffical  vomiting  in  a 
strict  sense  the  obstruction  must  be  in  the  lower  part  of  the  ileum  or  in  the  large 
intestine;  the  contents  of  the  lower  part  of  the  ileum  are  often  little  more  than 
soft  fffices,  and  regurgitation  through  the  ileo-cffical  valve  may,  it  is  now  allowed, 
take  place  during  life.  The  statement  made  in  the  text' is,  however,  sulliciently  correct 
for  our.  purpose. 
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depend  upon  the  seat  of  obstruction,  but  this  is  denied  by  Treves, 
who  holds  that  it  depends  upon  '  the  acuteness  of  obstruction 
and  upon  the  degree  of  impression  made  upon  the  nervous 
system.'  ^    It  is  certain  that  it  must  depend  upon  shock  which 
lowers   the   blood-pressure   and   upon    collapse  which  causes 
inspissation   of  the  blood,  for  both   of   these   conditions  are 
eminently  causes  of  diminished  secretion  by  the  kidney.    But  it 
is  difficult  to  believe  that  the  seat  of  obstruction  is  without  effect ; 
firstly,  because  Treves  himself  allows  that  the  severity  of  shock 
and  collapse  in  acute  obstruction  '  is  more  marked  in  connection 
with,  the  small  bowel  than  with  the  colon,  and  in  the  lesser  bowel 
it  is  more  severe  as  the  stomach  is  approached ; '  ^  secondly, 
because  vomiting  sets  in  earlier,  is  more  persistent,  and  more 
copious  the  higher  the  seat  of  obstruction ;  and  thirdly,  because 
the  higher  the  seat  of  obstruction  the  less  is  the  amount  of 
intestine  available  for  absorption  of  fluid.    All  these  conditions 
must  conjoin  in  diminishing  urinary  secretion. 

(2)  Absolute  retention  of  faeces  of  gradual  onset  is  only  seen 
in  cases  of  intestinal  obstruction  due  to  faecal  accumulation,  and 
in  them  it  is  very  rare.    This  condition  is  really  an  aggravated 
form  of  constipation  in  the  popular  sense  of  the  word,  and  the 
symptoms  observed  in  cases  in  which  this  variety  of  absolute 
retention  occurs  are  far  less  severe  than  those  occurring  when 
absolute  retention  is  of  sudden  onset.    If  unrelieved,  the  case 
ends  fatally,  it  is  true ;  but  whereas  patients  in  whom  onset  of 
absolute  retention  of  faeces  is  sudden  hve  (if  unreheved)  for  at 
most  six  or  seven  days,  patients  in  whom  the  onset  of  absolute 
retention  is  gradual  may  live  for  weeks  or  even  months.  Treves 
writes  of  cases  in  which  no  motion  was  passed  for  fifteen  weeks, 
eighteen  weeks,  seven  months,  and  even  eight  months  and  a 
half.    During   this  period  the  patient   suffers  discomfort,  his 
tongue  is  foul,  his  abdomen  distended,  his  mental  condition 
becomes  altered,  he  has  foul  eructations,  nausea,  and  perhaps 
vomiting,   and   the  vomit  may  become  faeculent,  but  this  is 
extremely  rare.    His  symptoms,  in  fact,  are  similar  to  those  of 
severe  dyspepsia  rather  than  to  those  generally  found  m  intestinal 

obstruction.  . 

It  is  not  easv  to' explain  the  difference  between  cases  m  which 
the  onset  of  absolute  retention  is  sudden  and  those  in  which  it  is 
gradual.  Probably  it  is  peritonitis  and  shock  that  make  the 
difference.  One  can  imagine  that  where  accumulation  of  ffBces 
has  been  going  on  for  years,  the  retained  masses  become  so  hard 
'  Loc.  tit.  p.  843.  i^- 


582 


MOEBID  SECEETIONS  AND  EXCEETIONS 


that  even  if  perforation  occur  the  chances  of  a  generahsed 
peritonitis  by  escape  of  intestinal  contents  into  the  abdominal 
cavity  are  small.  Perhaps  also  in  these  cases  the  chronic 
constipation  has  led  to  a  kind  of  active  immunity  to  the  products 
of  bacterial  action,  so  that  when  absolute  retention  occurs  the 
individual  is  able  to  withstand  doses  which  he  could  not  otherwise 
have  borne.  But  these  are  mere  surmises.  In  any  case  the 
condition  is  important  in  that  it  shows  clearly  that  the  cause  of 
death  in  intestinal  obstruction  of  the  ordinary  kind  is  not  due  to 
mere  failure  of  defecation.  Intestinal  obstruction  leads  to  other 
conditions  beside  which  impediment  to  the  passage  of  intestinal 
contents  is  insignificant ;  if  death  from  intestinal  obstruction  were 
due  to  this  cause  alone,  delay  of  a  few  hours  in  affording  relief 
by  surgical  means  would  not  be  so  dangerous  as  it  undoubtedly  is. 

(ii)  Retention  of  Urine  and  Urinary  Constituents. — In  the 
case  of  faeces  it  was  impossible  to  distinguish  between  retention 
of  feeces  generally  and  retention  of  one  or  other  substance  nor- 
mally discharged  hy  the  bowel.  But  in  the  case  of  urine  it  is  not 
only  to  some  degree  possible,  it  is  highly  important.  For  we 
have  to  distinguish  l)etween  (A)  retention  of  urine,  in  which  urine 
is  formed  but  not  discharged  ;  (B)  supj^ression  of  urine,  in  which 
it  is  a  question  whether  urine  is  secreted  by  the  kidney  at  all ; 
and  (C)  gout,  in  which  there  is  generally  a  plentiful  discharge  of 
urine,  but  in  which  there  is  retention  of  uric  acid. 

(A)  Eetention. — Eetention  of  urine  occurs  mider  two  forms, 
obstructive  and  non-obstructive.  The  commonest  but  not  the 
only  causes  of  obstructive  retention  are,  in  men,  stricture  of  the 
urethra  and  enlargement  of  the  middle  lobe  of  the  prostate  gland  ; 
in  women,  tumours  of  the  uterus.  The  method  whereby  obstruc- 
tion is  produced  differs  in  these  cases.  In  men,  the  immediate 
cause  of  retention  is  usually  congestion  of  the  mucous  membrane 
of  the  urethra  or  congestion  of  the  prostate  ;  in  women,  the 
immediate  cause  of  retention  is  more  commonly  mechanical,  the 
bladder  being  dragged  upwards  by  the  uterine  tumour  owing  to 
the  attachments  between  bladder  and  uterus,  with  the  result  that 
the  urethra  is  elongated  and  forms  a  sharp  bend  above  the  pubes 
past  which  the  urine  cannot  be  forced.  Non-obstructive  retention 
(omitting  consideration  of  hysterical  retention)  is  of  two  kinds, 
that  due  to  atony  of  the  bladder  wall  and  that  due  to  paralysis. 
Atony  may  have  originally  depended  upon  obstruction,  and  jn  old 
persons  hypertrophy  of  the  prostate  and  atony  of  the  bladder 
often  conjoin  to  produce  retention,  but  apparently  it  may  also  be 
independent  of  obstruction  and  depend  upon  senile  atrophy  or 
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librotic  changes  in  the  bladder  waU.  Retention  due  to  paralysis 
of  the  bladder  occurs  in  diseases  of  the  brain  and  spinal  cord  when 
the  changes  affect  the  micturition  centre  in  the  lumbar  cord, 
either  destroying  it  by  including  it  in  the  disease  or  inhibiting  its 
action  for  a  prolonged  period.  In  all  cases  where  the  patient  is 
insensible  the  possible  occurrence  of  retention  must  be  borne  in 

mind.  .   .      .  ,   ,   ,  ,  , 

In  all  these  conditions  one  has  to  distmguish  between  {a) 
absolute  retention  and  (/3)  partial  retention  of  urine,  for,  speaking 
Generally,  absolute  retention  produces  changes  in  the  bladder  alone, 
partial  retention  produces  changes  not  only  in  the  bladder  but 
also  in  the  kidney.  The  reason  of  this  Hes  in  the  fact  that  while 
'absolute  retention  cannot  last  for  more  than  a  short  time,  partial 
retention  may  go  on  for  weeks.  Where  absolute  retention  super- 
venes upon  a  long-continued  partial  retention,  it  is  clear  that 
the  combined  effects  of  the  two  conditions  will  be  present. 

(a)  In  absolute  retention  the  bladder  is  always  dilated,  owing 
to  the  continued  secretion  of  urine  by  the  kidneys,  until  the 
pressure  in  the  bladder  and  ureters  has  reached  a  point  which  is 
unknown  in  man  but  which  in  the  dog  is  about  60  mm.  of  mercury. 
The  degree  of  dilatation,  however,  is  not  the  same  in  all  cases,  as 
It  obviously  depends  upon  the  degree  to  which  the  vesical  wall 
yields  before  the  increased  pressure  within  the  bladder  ;  hence 
retention  will  not  lead  to  so  great  a  dilatation  in  the  case  of  a 
bladder  where  obstruction  has  led  to  hypertrophy  as  m  one  m 
which  there  is  atony.    In  the  latter  case  the  distended  bladder 
may  reach  up  to  the  umbilicus.    The  degree  of  dilatation  will 
further  depend  upon  pain ;  for  where  retention  is  painful,  relief 
will  be  given  either  surgically  or  because  the  pam  causes  some 
movement  of  the  patient  which  leads  to  rupture  of  the  organ, 
long  before  distension  has  reached  so  extreme  a  point  as  it  may 
easily  reach  (unless  special  precautions  are  taken)  where  retention 
is  painless.    It  is  hardly  necessary  to  remark  that  painless  reten- 
tion occurs  where  there  is  interference  with  the  passage  of  afferent 
impulses  from  the  bladder  to  the  brain,  and  that  these  are  cases 
in  which  from  the  absence  of  hypertrophy  the  vesical  wall  offers 
little  resistance  to  dilatation.    Hysterical  retention  comes  into  this 
category.    Absolute  retention  from  obstruction,  if  unreheved,  ends 
in  rupture  of  the  bladder,  non-obstructive  retention  m  '  retention 
with  incontinence,'  hysterical  retention  in  passage  of  a  large 
quantity  of  urine,  or  incontinence,  but  never  in  rupture  of  the 

bladder.  .  . 

(^)  In  cases  where  retention  of  urine  is  partial,  urme  is  dis- 
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charged  but  the  bhidder  is  never  completely  emptied.  Partial 
retention  occurs  i]]  cases  of  prostatic  enlargement  where  hyper- 
trophy of  the  middle  lobe  of  the  gland,  by  projecting  into  the 
bladder,  causes  the  formation  of  a  pouch  behind  it  in  which  urine 
collects  that  cannot  be  removed  by  micturition.  It  occurs 
practically  in  all  cases  where  there  is  much  obstruction  to 
micturition  from  whatever  cause,  for  the  patient,  having  relieved 
himself  of  disagreeable  sensations  with  great  difficulty,  is  content 
and  does  not,  hke  the  normal  person,  take  pains  to  eject  the  last 
drops  of  urine  from  the  bladder.  It  occurs  in  cases  of  non- 
obstructive retention  in  which  the  pressure  eventually  attained 
by  the  urine  in  the  bladder  is  sufficient  to  overcome  the  weak 
resistance  of  the  sphincter.  These  cases  constitute  the  class 
known  as  '  retention  with  incontinence  '  or  '  distension  with  over- 
flow.' They  are  quite  distinct  from  true  cases  of  incontinence  of 
urine.  According  to  whether  the  bladder  can  or  cannot  overcome 
the  resistance  to  the  outflow  of  urine  it  hypertrophies  or  dilates, 
and  therefore  partial  retention  of  urine  may  be  met  with  in  a 
hypertrophied,  a  hypertrophied  and  dilated,  or  a  dilated  bladder 
according  to  circumstances. 

Later  Effects  of  Partial  Retention. — It  is  very  rare  for  the"" 
urine  in  cases  of  partial  retention  to  remain  normal.  Partly  as 
the  result  of  its  mere  presence,  partly  as  the  result  of  the 
condition  upon  which  partial  retention  depends,  changes  occur  in 
the  bladder-wall.  At  first  the  mucous  membrane  pours  out  a 
little  mucus,  then  it  becomes  congested  and  inflamed,  and  cystitis 
sets  in.  Theoretically,  perhaps,  this  cystitis  might  be  aseptic,  but 
practically  the  urine  contains  micro-organisms.  These  micro- 
organisms are  of  various  kinds,  and  many  of  them  induce  an 
ammoniacal  fermentation  of  the  urea,  the  most  important  in  this 
direction  being  M.  urea  liqiLefaciens.  Whether  these  micro- 
organisms gam  entrance  by  the  urethra  in  all  cases  it  is  difficult 
to  say ;  in  some  cases  they  are  introduced  during  catheterisation, 
in  some  it  is  possible  that  mucus  extending  from  bladder  to 
orifice  of  urethra  is  the  path  by  which  they  travel  upwards,  and 
there  is  no  reason  why  in  some  cases  they  should  not  have  been 
derived  from  the  intestine  or  vagina.  But  in  any  case  they  gain 
entrance  to  the  bladder,  multiply  in  the  retained  urine,  and  induce 
or  intensify  cystitis.  Even  now  they  and  the  accompanying 
cystitis  might  perhaps  be  of  comparatively  little  moment  were  it 
possible  at  frequent  intervals  to  evacuate  tiie  bladder  completely, 
but  since  the  septic  and  inflammatory  products  collect  and 
remain  at  the  base  of  the  bladder  in  the  very  region  where  the 
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ureters  open,  infection  readily  extends  by  the  ureters  to  the 
kidney.  At  first  the  ureters  and  the  pelvis  of  the  kidney  are 
alfected  alone,  but  sooner  or  later  the  kidney  substance  becomes 
involved.  As  in  every  inflammation,  the  condition  may  or  may 
not  be  accompanied  by  pus-formation. 

But  besides  this  mere  spread  of  infection,  another  change 
must  be  mentioned.    The  condition  upon  which  partial  retention 
depends  and  the  changes  in  the  bladder  to  which  it  gives  rise, 
have  in  most  cases  induced  hypertrophy  of  the  bladder-wall ;  for 
to  the  original  trouble  there  has  been  added  the  fact  that  the 
urine  contains  much  mucus,  a  substance  more  difficult  to  eject 
than  simple  urine.    This  hypertrophy  presents  an  obstacle  to  the 
entrance  of  urine  into  the  bladder  from  the  ureters,  for  normally 
the  ureters  run  for  about  an  inch  through  the  muscular  and 
mucous  coats  before  they  open  at  the  trigone,  and  when  there  is 
hypertrophy  of  the  comparatively  resistant  muscular  coat  of  the 
bladder  this  vesical  portion  of  the  ureter  becomes  elongated  and 
compressed.    As  a  result  of  this  obstruction  at  their  vesical  end 
the  ureters  become  dilated  and  tortuous ;  instead  of  having  the 
diameter  of  a  goose-quill  they  may  have  the  diameter  of  small 
intestine.    The  pelvis  and  calyces  of  the  kidney  share  in  the 
dilatation,  the  pyramids  are  pressed  upon  and  become  atrophied, 
the  cortex  becomes  thinned,  and  ultimately  the  kidney  may  be 
converted  into  a  huge  loculated  cyst  in  which  the  presence  of 
renal  substance  is  with  difficulty  to  be  recognised.    Add  to  this 
the  fact  that  infection  may  or  may  not  have  reached  the  kidney, 
may  or  may  not  lead  to  pus-formation,  and  it  is  clear  that  with 
partial  retention  of  urine  the  kidney  may  present  an  infinity  of 
different  appearances,  ranging  between  that  in  which  it  is  almost 
normal  and  that  in  which  it  is  converted  into  a  dilated  pus- 
containing  sac  (pyonephrosis,  '  surgical  kidney ')  • 

It  may  be  mentioned  in  passing  that  renal  changes  similar  in 
appearance  and  in  pathology  to  those  which  have  just  been 
described  may  be  caused  by  obstruction  to  any  part  of  the  urinary 
tract  from  the  pelvis  of  the  kidney  downwards,  so  long  as  the 
obstruction  is  not  permanent  and  complete.  A  calculus  m  the 
renal  pelvis  or  the  ureter,  a  stricture  of  the  ureter  which  now  and 
then  becomes  for  a  short  time  impassable,  a  kink  in  the  ureter 
which  from  time  to  time  allows  passage  of  urine,  may  equally  be 
the  cause  of  any  of  the  changes  mentioned.  When  the  renal 
dilatation  is  aseptic,  the  loculated  sac  is  filled  with  urine,  and 
constitutes  a  hydronephrosis.  In  the  vast  majority  of  cases  where 
the  primary  trouble  lies  above  the  bladder,  we  have  to  do  with 
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the  actual  presence  of  a  renal  calculus,  or  the  effects  ,  produced  by 
passage  of  a  renal  calculus  along  the  ureter.  When  the  calculus 
is  present  in  the  pelvis  of  the  kidney,  pyonephrosis  is  more 
common  than  hydronephrosis,  as  it  is  in  all  renal  conditions 
secondary  to  affections  of  the  bladder  or  urethra  ;  where,  on  the 
other  hand,  the  renal  calculus,  having  passed  down  the  ureter, 
and  there  led  to  elongation,  formation  of  scar-tissue,  &c.,  reaches 
the  bladder,  and  is  rapidly  passed  by  the  urethra,  hydronephrosis 
is  more  common  than  pyonephrosis. 

(B)  Suppression  of  Urine  or  Anuria. — In  this  condition  there 
is  failure  to  pass  urine,  because  no  urine  enters  the  bladder  from 
the  ureters ;  it  therefore  differs  widely  from  retention  of  urine. 

The  conditions  upon  which  suppression  depends  are  obviously 
those  concerned  with  normal  secretion  by  the  kidney,  and  there- 
fore they  may  have  reference  to  blood  pressure,  to  the  kidney- 
substance  itself,  or  to  the  pressure  ngainst  which  secretion  is 
taking  place  i.e.  the  essential  factors  governing  normal  urinary 
secretion.  Clinically,  suppression  is  said  to  be  of  two  kinds — 
obstructive  and  non-obstructive — a  distinction  which  is  no  doubt 
clinically  useful,  but  which  is  pathologically  unsatisfactory,  since, 
as  will  be  seen  later,  it  is  doubtful  whether  some  of  the  '  non- 
obstructive '  cases  are  not  in  reality  '  obstructive,'  though  the 
obstruction  is  of  a  special  kind.  This  classification  will,  therefore, 
not  be  adopted,  but  suppression  of  urine  will  be  divided  into  (a) 
suppression  in  which  the  general  blood-pressure  is  low,  (/S)  sup- 
pression due  to  disease  of  the  kidney,  (7)  suppression  due  to 
increase  of  pressure  in  the  pelvis  of  the  kidney. 

(a)  Suppression  in  which  the  General  Blood-pressure  is  Low. — 
Bearing  in  mind  the  extreme  extent  to  which  secretion  of  urine 
— or.  at  least,  separation  of  the  water  of  urine — depends  upon 
the  blood-pressure,  it  is  clear  that  anuria  will  occur  whenever 
the  blood-pressure  in  the  glomeruli  is  below  a  certain  point. 
What  this  point  is,  it  is  impossible  to  say,  since  we  do  not  know 
the  relations  obtaining  between  glomerular  and  aortic  blood- 
pressures.  But  it  is  certain  that  when  the  blood-pressure  in 
the  carotid  of  a  dog  falls  to  or  below  30  mm.  of  mercury  as 
the  result  of  severing  the  spinal  cord  in  the  cervical  region,  or 
from  other  general  cause,  secretion  of  urine  is  almost  invariably 
arrested. 

There  is  no  doubt  that  the  anuria  seen  in  shock  depends 
upon  the  fall  of  general  blood-pressure  occurring  in  this  condi- 
tion, though  whether  fall  of  blood -pressure  constitutes  the  whole 
explanation,  it  is  impossible  to  say.    Secretion  generally  is  in  so 


SUPPEESSION  OF  UBINE 


58r 


large  a  measure  dependent  upon  nervous  impulses,  apart  from 
those  leading  to  vascular  changes,  that  so  long  as  we  are  un- 
certain whether  the  kidney  possesses  definite  secretory  nerves  or 
not,  dogmatism  on  this  point  is  impossible.  Suppression  of  urine 
may  occur  in  shock  from  any  cause,  but  it  is  more  likely  to  occur 
the  more  severe  the  shock  ;  hence  it  is  seen  especially  where 
shock  arises  from  perforation  of  stomach,  intestine,  uterus,  and 
injuries  of  this  description.  Shock  may  perhaps  also  account  for 
the  anuria  which  is  sometimes  seen  after  operations  on  the 
m-ethra,  or  even  after  mere  passage  of  a  catheter. 

In  the  suppression  which  may  accompany  collapse,  lowness  of 
aortic  blood-pressure  probably  plays  a  part,  for  in  the  later  stages 
of  collapse  general  blood-pressure  falls  rapidly.  But  it  is  possible 
that  the  anuria  is,  in  part,  an  extreme  manifestation  of  that 
diminution  in  secretion  of  urine  which  is  noticed  under  all 
conditions  in  which  large  quantities  of  fluid  are  being  removed 
from  the  blood  by  other  paths.  For  in  the  early  stages  of 
collapse,  anuria  probably  goes  hand  in  hand  with  lowness  of 
glomerular  blood-pressure,  apart  from  lowness  of  general  blood- 
pressure.  Anuria  in  collapse  is  seen  to  a  marked  extent  in  the 
collapsed  stage  of  cholera,  or  in  severe  diarrhoea  or  liJemorrhage. 
An  anuria  of  mixed  origin  may  be  met  with  in  any  case  of  severe 
peritonitis. 

Suppression  in  which  the  general  blood-pressure  is  low— the 
suppression  of  shock  and  collapse— of  itself  leads  to  no  particular 
results  :  if  the  patient  ralHes,  urinary  secretion  is  re-established,, 
and  the  urine  is  normal,  or  nearly  normal,  though  it  may  contain 
for  a  short  time  a  Httle  albumin  or  a  few  blood-corpuscles. 
Where,  however,  the  lowness  of  blood-pressure  in  the  kidney 
has  persisted  for  a  sufficient  length  of  time  to  bring  definite 
renal  changes  in  its  train,  alterations  in  the  urine  are  more  pro- 
nounced. 

(iS)  Suppression  due  to  Disease  of  the  Kidney.— This  form  of 
suppression  differs  in  a  marked  degree  from  the  form  which  has 
just  been  described.  In  the  first  place,  the  anuria  does  not  go 
hand  in  hand  with  lowness  of  general  blood- pressure,  for,  on  the 
contrary,  the  general  blood-pressure  is  almost  invariably  raised  ; 
and,  in  the  second  place,  the  suppression  leads  to  a  pecuhar  group 
of  symptoms,  known  as  '  uraemia.' 

When  disease  of  the  renal  substance  itself  leads  to  suppres- 
sion of  urine  we  have  almost  always  to  do  with  acute  nephritis, 
whether  it  is  primary  or  supervenes  upon  another  renal  con- 
dition.   In  these  cases  the  suppression  need  not  be  complete ; 
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often  a  small  amount  of  urine  is  passed,  which  is  generally  of 
high  specific  gravity  (1025-1030),  is  loaded  with  albumin,  and 
contains  blood-corpuscles  and  blood-,  epithelial-,  or  hyahne-casts. 
But  this  small  amount  of  excretion  does  not  greatly  modify  the 
progress  of  the  case. 

The  actual  diminution  or  suppression  of  urine  in  acute 
nephritis  must  certainly  be  ascribed  to  the  inflammatory  condition 
of  the  kidney ;  though  how  the  inflammation  acts  is  uncertain. 
Probably  the  retardation  of  blood-flow  occurring  in  the  vessels  of 
an  inflamed  part  is  of  great  importance ;  indeed,  Cohnheim 
ascribed  the  diminution  in  urinary  secretion  in  all  cases  of 
nephritis  to  the  retardation  and  the  fall  of  blood-pressure  which 
he  said  must  accompany  every  inflammation.  Probably,  also, 
the  casts  which  everywhere  block  the  urinary  tubules  introduce 
an  obstruction  in  the  way  of  secretion  that  cannot  be  overcome. 
With  this  latter  view,  however,  Cohnheim  did  not  agree ;  '  it  is 
not  because  the  casts  occupy  the  tubules  that  the  urinary  secre- 
tion is  reduced,  but  it  is  because  the  urinary  secretion  decreases 
that  the  casts  are  disposed  to  remain  seated  in  the  tubules.' 
Nevertheless,  it  is  difficult  to  understand  how  Cohnheim's  view 
on  this  point  can  be  correct,  if  we  agree  with  him  that  the 
albumin  in  the  urine  is  derived  from  the  glomerular  blood-vessels 
owing  to  their  *  increased  permeability  '  ;  for,  if  the'  permeability 
be  so  far  increased  as  to  permit  passage  of  albumin,  it  is 
reasonable  to  suppose  that  it  would  permit  an  increased  and  not 
a  diminished  flow  of  water.  This,  at  least,  is  the  case  in 
inflammation  elsewhere,  whether  it  is  explained  after  Cohnheim's 
fashion  or  in  any  other  way.  The  problem  is  so  complicated  a 
one  that  it  is  not  advisable  to  discuss  it  further  here.  For  we 
not  only  commence  with  an  uncertaint}?  as  to  how  far  the  water 
of  the  urine  is  a  secretion,  but  also  we  add  to  this  the  uncertainty 
whether  inflammatory  exudation  is  poured  out  by  mechanical 
or  by  secretory  processes,  and  the  uncertainty  whether  the 
fluid  which  leaves  the  kidney  in  nephritis  is  urine  or  inflam- 
matory exudation  or  a  mixture  of  both.  It  is  quite  possible 
that  suppression  may  be  due  to  the  fact  that  the  kidney  is  so 
disorganised  in  acute  nephritis  that  for  the  time  it  is  unable 
to  secrete ;  it  is  quite  possible  that  inflammatory  exudation 
coagulates  in  the  tubules,  and  prevents  secretion ;  it  is  quite 
possible  that  these  two  conditions  co-operate ;  between  these 
possibilities  and  the  one  put  forward  by  Cohnheim  we  cannot 
decide  at  present ;  there  are  arguments  for  and  against  each  of 
them. 
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TJrJBmia  being  a  clinical  term  for  a  series  of  phe- 
nomena, we  shall  follow  chnicians,  and  divide  it  into  '  acute  '  and 
'  chronic.'    In  the  acute  variety  these  phenomena  are  epileptiform 
convulsions,  accompanied  by  unconsciousness,  vomiting,  head- 
ache, and  sometimes  transient  blindness.    The  convulsions  are  in 
all  respects  similar  to  those  occurring  in  epilepsy  ;  there  may  be 
one  or  many,  or  the  patient  may  pass  from  one  convulsion  into 
another,  until  he  is  exhausted  and  rapidly  dies.    Unless  urinary 
secretion  be  again  established,  death  usually  occurs  in  this  way 
within  two  or  three  days  ;  but  where  the  secretion  is  not  reduced 
to  an  extreme  extent,  or  where  it  becomes  re-established,  recovery 
from  an  acute  ursemic  attack  is  possible.    A  convulsion  may  be 
the  earhest  sign  of  acute  uraemia,  but  more  commonly  the  onset 
of  ursemic  convulsions  is  preceded  by  vomiting  and  headache. 
The  bhndness  of  acute  ursemia  is  remarkable  in  that  it  is  very 
transient.    It  is  almost  always  bilateral  and  complete,  but  it 
entirely  disappears  within  a  day,  or  at  most  a  few  days,  and  is 
generally  unaccompanied  by  any  ophthalmoscopic  changes.  In 
chronic  \irffimia,  convulsions  are  much  more  uncommon.  The 
patient  complains  of  headache  or  giddiness,  and  he  may  become 
drowsy  and  apathetic,  sometimes  he  may  vomit,  not  infrequently 
he  suffers  from  diarrhoea.    This  condition  lasts  for  a  variable 
time— days  or  weeks— and  ultimately  passes  into  coma,  accom- 
panied by  marked  dyspnoea  ('renal   asthma')    and  profound 
prostration.    In  such  a  condition  the  patient  probably  dies. 

The  onset  of  acute  ursemia  is  almost  invariably  preceded  by 
suppression  or  marked  diminution  of  urine,  and  it  follows,  from 
what  has  been  said  above,  that  acute  uraemia  is  especially  associated 
with  acute  nephritis  (primary  or  secondary).  Chrome  uraemia, 
on  the  other  hand,  though  commonly  associated  with  some 
diminution  in  urinary  excretion,  is  not  often  associated  with  great 
diminution ;  it  occurs  chiefly  m  connection  with  fibrosis  of  the 
kidney  (chronic  granular  kidney) .  . 

But  whether  there  be  suppression,  diminution  or  no  diminu- 
tion of  urine,  acute  and  chronic  uraemia  agree  in  the  fact  that 
they  are  associated  with  diminished  excretion  of  urinary  solids, 
and,  in  particular,  of  urea  and  uric  acid ;  the  amount  of  these 
substances  excreted  per  diem  may  be  'dimmished  to  halt  or  a 
quariier  of  the  normal,  or  even  less.  On  the  other  hand,  bodies 
of  the  uric  acid  group  other  than  uric  acid  itself  (xanthiii  bases) 
are,  according  to  Kolisch  and  others,  always  increased,  ihe 
amount  of  urea  m  the  blood  is  generally,  though  not  always, 
increased,  and  may  be  two  or  three  times  as  much,  as  normal. 
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These  changes  in  urine  and  blood  are  most  marked  immediately 
before  the  onset  of  a  uraemic  attack ;  when  the  attack  has  passed 
the  amount  of  urea  in  the  blood  is  found  to  have  diminished. 

Theories  of  JJrcemia. — From  what  has  been  said  in  the  pre- 
-ceding  paragraph,  it  would  seem  that  nothing  could  be  easier 
than  to  produce  an  artificial  uraemia  in  animals  by  intra- vascular 
injection  of  urea,  but  it  is  a  well-established  fact  that  the  amount 
of  urea  in  the  blood  may  be  artificially  raised  to  an  extraordinary 
height,  and  yet  uraemia  does  not  supervene.  Nor  is  ara^mia 
produced  if  large  quantities  of  urine,  or  of  blood  taken  from  a 
dog  made  ursemic  by  ligature  of  the  ureters,  be  injected  into  the 
-circulation  of  another  animal,  though  the  symptoms  are  more 
severe  than  after  injecting  urea ;  for  large  injections  of  urine 
produce  symptoms  of  poisoning,  whereas  injection  of  m'ea  is 
without  effect,  unless  the  amount  introduced  into  the  circulation 
is  truly  enormous.  It  must  be  mentioned,  however,  that  injection 
of  blood — or,  rather,  serum — of  an  animal  made  uraeinic  by 
ligature  of  the  ureters  is  not  without  effect.  For  Nefedieff  has 
shown  that  such  serum  is  markedly  toxic  and  has  a  slight  but 
constant  and  persistent  effect  upon  the  kidneys,  leading  to  albu- 
minuria in  the  injected  animal.  The  same  author  produced  a 
similar  nephrotoxic  serum  for  guinea-pigs  by  successive  inocu- 
lation of  rabbits  with  an  emulsion  of  guinea-pig's  kidneys. 
Nevertheless,  in  neither  case  are  the  symptoms  produced  those 
-of  uraemia. 

This  general  absence  of  symptoms,  and  particularly  of 
uraemia,  is  undoubtedly  due  to  the  rapidity  with  which  the 
foreign  substances  are  removed  by  the  kidneys  of  the  healthy 
animal,  for  under  any  of  the  conditions  mentioned  urinary  secre- 
tion is  greatly  increased,  and  the  urine  contains  an  excess  of 
m^ea.  If  the  ureters  be  ligatured  before  urea  is  injected  into  the 
-circulation,  the  result  is  different,  for  the  animal  after  a  few 
hours  commences  to  vomit  repeatedly  (dog),  or  suffers  from 
diarrhoea  (rabbit),  and  in  the  course  of  a  day  or  two  dies  in  a 
comatose  condition,  after  manifesting  muscular  twitchings  or 
actual  convulsions.  But  in  this  experiment  it  is  ligature  of  the 
ureters  that  actually  leads  to  the  appearance  of  symptoms,  and 
not  injection  of  urea.  This  can  be  seen  by  ligaturing  the  ureters 
without  subsequent  injection  of  urea ;  identical  symptoms  are 
produced,  and  after  the  same  lapse  of  time,  so  that  injection  of 
urea  does  not  even  hasten  the  event.  It  is  said,  however,  that 
the  effects  are  different  when  urine  and  not  urea  alone  is 
injected  after  ligature  of  the  ureters,  for  now  vomiting  and 
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convulsions  set  in,  and  the  animal  dies  comatose  in  about  an  hour 
and  a  half 

But  the  facts  that  the  urea  of  urine  is  diminished,  and  the 
urea  of  blood  is  increased,  in  cases  of  ursemia,  remain.    So  that, 
after  it  was  found  that  simple  retention  of  urea  is  insufficient  to 
explain  m'^mia,  Frerichs   ascribed   the  condition  not  to  the 
action  of  urea,  but  to  the  action  of  ammonium  carbonate  into 
which  he  supposed  the  urea  was  converted  in  the  blood  by  a 
hypothetical  ferment.    This  view  he  supported  by  showing  that 
ammonia  can  often  be  detected  in  the  breath  of  uremic  patients. 
This  theory  was  at  one  time  largely  held,  but  it  was  abandoned 
after  it  had  been  shown  that  the  ammonia  present  in  the  breath 
is  due  to  decomposition  of  nitrogenous  matter  in  the  mouth,  and 
is  found  in  many  conditions  in  which  there  is  severe  prostration, 
besides  ursemia,  and  after  Voit  had  shown  that  the  only  region  in 
the  hving  body  where  conversion  of  urea  into  ammonium  car- 
bonate takes  place  is  the  intestine,  and  that  here  it  produces  local 
effects  only  and  not  uraemia.   Nevertheless,  Voit  found  that  when 
a  dog  is  suppHed  with  large  quantities  of  urea  in  its  food,  and  its 
supply  of  water  is  Hmited,  the  animal  soon  commences  to  vomit 
an  ammoniacal  fluid,  and  later  shows  great  weakness  and  muscu- 
lar twitchings— symptoms,  in  fact,  in  many  respects  similar  to 
those  of  ursemia.    These  symptoms  do  not  appear  if  an  un- 
limited supply  of  water  be  allowed;  and  even  if  they  have 
appeared,  they  may  be  removed  by  allowing  the  animal  to  drmk 
freely.    By  some  authors,  thererefore,  it  was  still  maintained  that 
uremia  is  due  to  poisoning  with  retained  ammonium  carbonate, 
though  they  shifted  the  seat  of  its  production  from  the  blood  to 
the  intestine. 

Attracted  by  the  importance  of  the  nervous  phenomena  m 
urjemia,  other  authors  have  propounded  cerebral  theories.  Traube 
attempted  to  explain  ursemia  by  concurrence  of  hydi-semia  and 
increase  of  arterial  pressure  in  producing  cerebral  ansemia,  a 
condition  which  it  is  well  known  may  give  rise  to  convulsions 
and  coma.  He  supposed  that  when  either  hydraimia  or  arterial 
pressure  is  suddenly  increased,  the  brain  becomes  edematous  and 
therefore  anajmic.    The  occurrence  of  coma  witli  and  without 

'  The  experiments  to  which  reference  is  here  made  are  those  of  Astaschewsky  and 
Feltz  and  Kitter  (cited  by  Cohnheim,  loc.  cit.  p.  1303).  They  are  not  convincing,  lor 
we  have  no  evidence  that  the  urine  did  not  contain  toxic  substances  of  putrefactive 
origin,  and  even  if  the  urine  were  aseptic,  it  was  concentrated,  and  the  mineral  salts 
alone  might  account  for  the  symptoms.  This  indeed  Astaschewsky  allowed,  for,  follow- 
ing Voit,  he  ascribed  a  considerable  part  in  the  production  of  uraemia  to  poisoning  by 
mineral  salts,  especially  those  of  potassium. 
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convulsions,  he  ascribed  to  implication  of  different  parts  of  the 
brain  in  the  anemia  But  neither,  this  view  nor  others  w^hicli 
ascribed  ur£emia  to  meningitis,  cerebral  hyperasraia,  &c.,  gained 
much  acceptance  at  the  moment,  nor  have  they  stood  the  test  of 
time. 

A  view  that  has  gained  a  certain  nmnber  of  adherents  is  that 
uraemia  is  a  manifestation  of  acid-intoxication.  This  is  based  on 
the  observation  that  in  uremic  dogs  the  alkalinity  of  the  blood 
falls  considerably.  Orlowski  combats  the  view,  and  maintains  that 
the  urasmic  condition  precedes  the  diminution  of  alkalinity,  and  is 
its  cause,  not  its  result. 

At  the  present  time  the  tendency  is  to  regard  uraemia  as 
being  dependent  not  upon  urea,  nor  upon  a  destruction  product 
such  as  ammonium  carbonate,  but  upon  an  antecedent  of  urea. 
The  relationship  between  the  bodies  to  be  discussed  in  the 
following  paragraplis  can  be  recognised  by  consideration  of  their 

OH 

structural  formulae.     These  are  as  follow:  CO<Cqjj  =  carbonic 

acid,  CO<CQ-^'^  =  carbamic  acid,  C0<!^^^- =  carbamide  or  urea. 
Urea  may  be  formed  by  heating  ammonium  carbonate  in  a  closed 
tube  for  several  hours  at  130°-140°  C,  ^0<Cq^^'  (ammonium 

carbonate)  =  CO<Cj^jj-  (urea)+2H20.  The  same  change  occurs 
on  heating  ammonium  carbamate,  C!0<Cq-]s;j^|j  (ammonium  car- 
bamate) =  ^^"^^H^  (urea)  +  H.^O. 

The  most  important  work  bearing  upon  the  theory  of  uraemia 
that  has  appeared  during  recent  years  is  that  of  Hahn,  Massen, 
Nencki,  and  Pawlow.  These  authors  investigated  the  effects  of 
throwing  the  liver  out  of  the  circulation  by  making  an  artificial 
communication  between  the  portal  and  hepatic  veins  (Eck's 
fistula).  They  found  that  after  the  operation  the  animals  (dogs) 
very  frequently  show  nervous  sj^mptoms  and  change  of  cha- 
racter. Whereas  formerly  they  were  gentle  and  obedient,  now 
they  become  bad-tempered,  obstinate,  irritable,  restless,  and  liable 
to  maniacal  attacks  and  convulsions  ;  their  rate  of  respiration, 
too,  is  increased.  This  condition  lasts  for  a  variable  time  and  is 
followed  by  depression  of  a  comatose  type.  The  animal  refuses 
to  rise  when  called,  sleeps  almost  continuously,  and  if  forced 
to  walk,  shows  that  co-ordination  of  muscles  is  impairfed ;  it 
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becomes  blind  and  loses  sensations  of  pain,  but  intelligence  and 
hearing  are  unaffected.  This-  state  of  depression  often  precedes 
another  maniacal  attack.  Dmnng  these  attacks  the  animal  often 
loses  consciousness  ;  attacks  generally  come  on  quite  suddenly 
and  are  very  likely  to  be  fatal.  They  appear  about  the  tenth  day 
after  operation,  and  their  onset  is  closely  bound  up  with  adminis- 
tration of  proteid  food.  Upon  this  latter  point  there  is  no  doubt, 
and  it  has  been  corroborated  by  the  observations  of  other  authors. 
Besides  these  symptoms  the  animal  may  suffer  from  diarrhoea 
and  vomiting.  The  clinical  picture,  therefore,  is  closely  similar 
to  that  observed  in  ursp-mia. 

Now  the  close  dependence  of  maniacal  attacks  upon  adminis- 
tration of  proteid  diet  strongly  suggests  that  the  symptoms  are  due 
to  absence  of  those  metabolic  changes  occurring  in  the  passage 
from  albumin  to  urea  and  uric  acid  that  are  normally  brought 
about  in  the  hver.  J^'or  though  many  of  the  arguments  advanced 
in  favour  of  regarding  the  liver  as  a  urea-forming  organ  are  not 
quite  conclusive,  there  is  still  reason  to  believe  that  urea  is  chiefly 
formed  in  the  liver.  Assuming  this  to  be  the  case,  the  authors 
mentioned  next  turned  their  attention  to  the  urine  and  blood. 

They  found  that  the  urine  of  their  animals  showed  a  diminu- 
tion in  the  amount  of  urea,  a  constant  increase  in  the  amount  of 
uric  acid,  which  was  less  marked  as  the  animals  presented  fewer 
subsequent  symptoms,  an  increase  in  the  amount  of  ammonia, 
which  was  often  five  or  six  times  as  great  as  normal,  and  a  very 
considerable  increase   in  carbamic  acid.     The  ammonia  was 
excreted  as  a  carbamate.    In  the  blood  they  found  a  salt  of 
carbamic  acid.    Moreover,  they  found  that  injection  of  sodium  or 
calcium  carbamate  into  the  blood  or  stomach  of  the  operated 
dogs  immediately  calls  forth  symptoms  of  the  depression  type  if 
•25  gra.  per  kilo  of  body  weight  be  given,  symptoms  of  the 
excitement  type  if  S  gm.  per  kilo  or  more  be  given.    In  normal 
dogs  none  of  these  symj^toms  are  produced,  hoivever  much  of  the 
salt  is  given.    They  therefore  conclude  that  the  symptoms  are 
due  to  poisoning  with  a  carbamate  which,  if  the  liver  had  been 
able  to  act,  would  have  been  converted  into  urea.    For  Schultzen 
and  Nencki  have  shown  that  amido-acids  {e.g.  leucin  and  glyco- 
col),  which  are  obtained  by  hydration  of  proteids,  when  introduced 
into  the  body,  are  excreted  as  urea,  and  carbamic  acid  is  (of 
course)  an  amido-acid. 

The  hver,  however,  is  probably  not  the  sole  organ  by  which 
the  conversion  of  ammonium  carbamate  into  urea  can  be  carried 
out,  for  even  after  almost  complete  extirpation  of  the  liver,  or 
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when  ligature  of  the  hepatic  artery  is  conjoined  with  formation  of 
Eck's  fistula,  the  urine  still  contains  some  urea,  and  the  amount 
of  urea  in  the  blood  undergoes  no  change.  Hence  there  must  be 
an  actual  formation  of  urea  by  parts  other  than  the  liver. 
Kauffmann  came  to  the  same  conclusion,  for  he  found  that  in 
starving  dogs,  though  the  blood  only  contained  32  mgr.  of  urea 
per  100  gms.,  the  brain  contained  86  mgr.  per  100  gms.,  the 
spleen  62  mgr.,  muscle  64  mgr.,  i.e.  more  than  could  be  accounted 
for  by  the  blood  which  they  contained.  There  is  some  evidence, 
too,  that  the  kidney  itself  may  take  a  share  in  formation  of  urea 
from  antecedents  of  urea. 

The  experiments  to  which  reference  has  just  been  made  might 
suggest  the  following  explanation  of  the  phenomena  of  uraemia. 
The  symptoms  of  uraemia  are  not  immediately  due  to  the  renal 
condition,  but  to  the  disorganisation  of  the  hepatic  function  of 
forming  urea  from  ammonium  carbamate,  which  the  renal  disease 
brings  about,  owing  perhaps  to  the  absence  of  an  internal  secretion. 
In  this  connection  it  is  important  to  note  that  the  symptoms  of 
acute  yellow  atrophy  of  the  liver — a  condition  in  which  disorgani- 
sation of  liver  substance  is  extreme — in  many  respects  resemble 
those  of  uraemia  ;  vomiting,  convulsions,  coma,  and  urine  changes 
are  present  in  both.  Ammonium  carbamate,  therefore,  collects  in 
the  blood,  and  when  a  certain  degree  of  concentration  has  been 
produced  it  acts  upon  the  brain,  with  the  result  that  convulsions, 
coma  &c.  supervene.  But  the  renal  disease  does  not  affect  the 
power  of  muscle  &c.  to  form  urea  out  of  ammonium  carbamate, 
and  it  is  the  urea  of  this  origin  that  collects  in  the  blood  and 
causes  the  excess  of  urea  that  is  noted  before  the  onset  of  uraemic 
phenomena. 

But  there  are  many  difficulties  in  the  way  of  accepting  this 
explanation  of  uraemia  as  it  stands,  not  the  least  of  which  is  the 
grave  doubt  whether  urea  is  formed  in  muscle  at  all ;  general 
opinion  is  against  ascribing  this  function  to  muscle,  at  least  under 
normal  circumstances.  Of  course  the  accumulation  of  urea  in 
the  blood  might  be  explained  on  the  assumption  that  the  liver 
does  not  lose  the  whole  but  only  a  part  of  its  power  to  form  urea ; 
but  this  explanation  does  not  suffice  for  experimental  exclusion  of 
the  liver.  Moreover,  Kose  Bradford  found  after  he  had  removed 
the  greater  portion  of  both  kidneys  in  an  animal,  that  actually 
more  urine  containing  more  urea  may  be  passed  than  before  the 
operation  :  from  this  fact  one  would,  a  priori,  conclude  that  ni 
nephritis  more  urea  would  be  formed  and  not  less. 

At  this  point  we  must  leave  the  question,  simply  stating  that 
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urtemia  probably  depends  rather  upon  accumulation  of  ante- 
cedents of  urea  than  upon  accumulation  of  urinary  sohds  as  such. 
What  these  substances  are  is  unknown,  but  the  .  experiments  of 
Hahn,  Massen,  Nencki,  and  Pawlow  forcibly  suggest  that  one  of 
them  is  ammonium  carbamate  which  has  escaped"  conversion  into 
urea  in  the  liver. 

(7)  Suppression  due  to  Increase  of  Pressure  in  the  Pelvis  of 
the  Kidney. — This  form  of  suppression  is  of  extreme  interest  in 
connection  with  the  form  last  considered,  in  that  the  symptoms 
to  which  it  gives  rise  are  quite  mihke  those  of  uraemia.  The 
patient  is  not  dropsical,  he  does  not  usually  vomit,  he  has  no 
convulsions.  He  is.  drowsy  and  takes  short  snatches  of  sleep, 
but  can  be  waked  with  ease,  though  he  falls  asleep  again  when 
his  attention  is  no  longer  attracted.  He  may  show  a  few 
muscular  twitchings,  but  the  principal  symptoms  besides  the 
somnolence  are  failure  to  pass  urine  and  feebleness  of  heart- 
action  with  a  marked  tendency  to  syncope.  Unexpected 
syncope,  indeed,  is  the  common  mode  of  death  in  these  cases, 
but  the  patient  lives  nine  to  eleven  days  after  the  onset  of 
complete  suppression  of  this  variety,  whereas  death  occurs  much 
earher  when  complete  suppression  occurs  in  connection  with 
nephritis. 

The  cause  of  suppression  is  almost  always  obstruction  of  one 
ureter  by  a  renal  calculus  when  the  other  kidney  is  dis- 
organised by  disease,  but  any  condition  or  combination  of 
conditions  that  can  lead  to  sudden  and  complete  obstruction  of 
both  Tireters  may  lead  to  this  form  of  suppression. 

The  pathology  of  this  variety  of  anuria  is,  if  possible,  more 
uncertain  than  the  pathology  of  uraemia.  In  both  cases  there  is 
retention  of  substances  (or  their  antecedents)  which  are  nor- 
mally found  in  the  urine,  and  it  is  not  easy  to  see  why  there 
should  be  a  difference  of  symptoms.  One  suggested  explanation 
is  that  a  certain  substance  (or  substances)  normally  found  in  the 
urine  is  partially  formed  in  the  kidney.  If,  owing  to  disorganisa- 
tion of  renal  epithehum,  this  process  cannot  take  place,  ante- 
cedents of  the  substance  accumulate  in  the  blood  and  cause 
symptoms  of  urtemia ;  if,  on  the  other  hand,  the  fault  lie  not  in 
the  renal  epitheHum  itself,  but  in  excretion,  the  change  takes 
place  as  usual,  but  the  formed  substance,  being  reabsorbed, 
collects  in  the  blood,  and  not  the  antecedent.  There  is  some 
evidence  in  favour  of  this  view,  for  if  a  solution  of  kreatin  be 
imule  to  circulate  through  the  vessels  of  the  excised  but  still 
living  kidney,  urea  is  formed.    But  it  is  difficult  to  suppose  that 
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the  ureter  can  long  remain  blocked  without  mducing  changes  in 
the  renal  epitheHum  itself,  which  would  abolish  its  function. 
Moreover  the  effects  of  ligaturing  the  ureters  in  a  dog  approximate 
more  closely  to  the  symptoms  of  uraemia  than  to  those  occasioned 
by  su]3pression '  due  to  impacted  calculus.  So  that  there  are 
great  difficulties  in  the  way  of  accepting  this  explanation. 

It  is  possible,  however,  that  the  kidney  has  an  internal  as  well 
as  an  external  secretion,  and  that  it  is  the  absence  or  presence  of 
the  internal  secretion  which  accounts  for  the  difference  of 
symptoms  in  the  two  forms  of  suppression.  This  is  the  view 
that  was  held  by  Brown- Sequard  ;  he  and  others  found  that 
when  the  kidneys  have  been  extirpated,  injection  of.  an  extract 
made  of  renal  substance  produces  a  notable  retm^n  of  vigour. 
Brown-Sequard  supposed  that  there  are  three  kinds  of  case: 
(1)  those  corresponding  to  total  ablation  of  the  kidney,  in  which 
both  internal  and  external  secretion  are  absent ;  (2)  those  corre- 
sponding to  nephritis  and  other  conditions,  in  which  the  kidney 
substance  is  profoundly  altered  ;  in  them  the  ioternal  secretion  is 
absent  or  more  or  less  altered,  but  the  external ,  secretion  remains 
in  part ;  (3)  those  corresponding  to  suppression  from  increase  of 
l^ressure  in  the  pelvis  of  the  kidney,  in  which  the  external  secre- 
tion is  absent  but  the  formation  of  internal  secretion  is  intact. 
Since  we  have  learned  the  importance  of  a  pancreatic  internal 
secretion  there  seems  considerable  plausibility  in  this  view,  but 
much  investigation  is  necessary  before  we  can  decide  whether  it 
is  more  than  a  plausible  hypothesis. 

Puerperal  Eclampsia.— J nst  as  we  do  not  know  the  pathology 
of  the  albuminuria  of  pregnancy,  so  we  are  ignorant  of  the  patho- 
logy of  puerperal  eclampsia.  The  symptoms  are  like  those  of 
uraemia,  and  the  fact  that  eclampsia  goes  along  with  an  albu- 
minuria in  which  the  urine  is  greatly  reduced  in  quantity,  inclines 
many  authors  to  the ,  view  that  eclampsia  is  ursemia.  It  is 
possible  that  this  is  the  case,  and  if  we  are  to  regard  uraemia  as 
dependent  upon  absence  of  a  renal  internal  secretion,  we  are  to  a 
large  measure  reheved  of  the  difficulty  that  in  some  cases  of  fata 
eclampsia  the  kidneys  are  apparently  normal.  We  have  a  paralle 
in  the  case  of  diabetes,  for  though  the  pancreas  is  generally  alterert 
in  fatal  diabetes,  in  some  cases  it  is  apparently  normal. 

But  on  the  other  hand,  it  is  a  question  whether  the  kidney 
changes  and  albuminuria  are  not  altogether  secondary.  Most 
authors  at  the  present  day  incline  to.  this  view,  and  point  out  the 
undoubted  fact  that  in  a  small  minority  of  cases  of  eclampsia 
renal  changes,  and  even  albuminuria,  may  be  completely  wanting. 
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Schmorl  has  examined  the  organs  generally  in  a  large  number  of 
ases  and  finds  that  changes-  mostly  of  a  degenerative  type,  and 
associated  with  marked  tendency  to  thrombosis— are  present 
everywhere  in  the  body.  He  considers  the  condition  to  be  due  to 
a  primary  blood  change  arising  either  in  the  placenta  or  the  fcBtal 
organism  Fehling  regards  eclampsia  as  the  result  of  an  intoxica- 
tion of  foetal  origin,  while  Stroganoff  asserts  that  it  is  a  general 
acute  infective  disease,  and  points  in  support  of  his  argument  to 
the  fact  that  in  lying-in  institutions  cases  of  eclampsia  occur  m 
series  a  short  time  after  introduction  of  a  case. 

/Q)  Qo^it. —Gont  is  a  pathological  condition  in  which  the 
retention  of  uric  acid  within  the  body  is  clearly  shown  by  its 
deposition  from"  time  to  time  in  joints  as  a  sodium  salt.    There  is 
often  no  diminution  in  excretion  of  urine,  or  if  there  be  dimmution 
it  is  referrible  rather  to  the  fever  which  accompanies  an  attack  of 
gout  than  to  the  gout  itself.    Nor  is  there  necessarily  a  diminution 
t  the  amount  of  uric  acid  excretion,  though  such  is  generally  the 
ciase  •  some  authors  have '  asserted  that  bodies  of  the  uric  acid 
Jroup  are  invariably  excreted  in  excessive  amount  m  all  stages  ot 
gout  but  their  statements  have  been  denied.    In  any  case,  how- 
ever, excretion  does  not  go  hand  in  hand  with  production,  so  that 
dric  acid  is  heaped  up  in  the'  blood.    It  has  been  repeatedly  proved 
bV  Quantitative  analysis  that  the  amount  of  uric  acid  m  the  blood 
is  at  its  maximum  immediately  before  an  attack  of  gout,  and  dimi- 
nishes immediately  after  the  attack  has  subsided.    This,  taken  m 
conjunction  with  the  fact  that  crystalhne  sodium  biurate  is  actually 
found  in  joints  that  have  been  the  seat  of  gouty  inflammation,  is 
sufficient  evidence  that  gout  depends  upon  retention  of  uric  acid. 

The  sodium  salt  of  uric  acid  deposited  m  gouty  joints  is  a 
mortar-hke  substance,  which  microscopically  can  be  resolved  into 
a  dense  meshwork  of  acicular  crystals.    The  substance  appears  to 
lie  on  the  surface  of  the  cartilage,  but  m  reahty  it  lies  immediately 
beneath  the  articular  surface.    Its  position  m  the  cartilage  is 
highly  suggestive  that  it  has  been  mechanically  deposited  Irom 
the  synovia,  for  the  feltwork  of  needles  is  usually  densest  m  the 
most  superficial  portions  of  the  cartilage  and  gradually  becomes  less 
dense  as  one  approaches  the  bone.    So  far  as  the  actual  changes  are 
concerned  which  combine  to  produce  the  gouty  joint,  it  is  renderea 
probable  by  the  observations  of  His' and  of  Bennecke  that  tne 
earliest  change  is  a  molecular  necrosis  of  the  cartilage  or  connective 
tissue.    This  soon  becomes  infiltrated  with  the  needles  of  sodium 
biurate,  and  for  a  time  is  sharply  limited  from  the  surrounding 
tissues.    At  first,  too,  the  surrounding  tissues  show  no  evidences 
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of  reaction,  but  later  they  become  the  seat  of  leucocytic  infiltration 
and  formation  of  granulation  tissue.  Ultimately  a  scar-like  tissue 
may  be  produced  and  the  crystals  may  disappear,  or  in  the  case  of 
particularly  dense  masses  they  may  become  encapsuled. 

Sodium  biurate  is  deposited  in  cartilage  of  other  parts  than 
joints,  a  very  common  situation  being  the  ear,  where  it  fonns 
small  accumulations  ('  tophi ')  on  the  hehx.  It  is  also  deposited 
in  fibrous  tissue  generally,  but  especially  in  the  fibrous  tissue 
found  in  the  neighbourhood  of  joints  ;  nevertheless,  concretions 
may  be  found  in  the  fibrous  tissue  of  the  palms  and  soles,  eyehds. 


;J0.— yjicTiON  OK  Articulaj!  Cartilage  in  Gout,     x  80. 


The  section  was  taken  at  right  angles  to  the  free  surface  and  shows  the 
agglomerations  of  needles  of  sodium  biurnte.  In  the  mass  towards  the 
right  of  the  figure  the  fact  that  there  is  an  unaltered  layer  of  cartilage 
over  the  collection  of  crystals  is  well  seen.  The  somewhat  irregular 
surface  of  the  cartilage  in  the  drawing  is  artificial  and  due  to  difficulty 
in  cutting  the  microscopic  section. 

sclerotic,  cerebral  and  spinal  meninges,  &c.  In  many  cases  it  is 
deposited  in  the  supporting  fibrous  tissue  of  the  kidney,  leading 
to  formation  of  the  '  gouty  '  or  '  uratic '  kidney  ;  in  the  cortical 
portions-]  of  the  oi^gan  the  accumulations  are  scattered  without 
obvious  arrangement,  but  in  the  medullary  portion  they  are 
arranged  in  lines  running  parallel  to  the  vasa  recta.  In  such  an 
animal  as  the  chameleon,  which  normally  excretes  nearly  all  its 
nitrogen  as  uric  acid,  the  kidney  sometimes  becomes  converted 
into  a  mortar-like  mass  in  which  very  little  of  the  original  kidney 
substance  is  recognisable  under  the  microscope. 

The  inflammation  going  on  in  a  joint  during  an  attack  of  gout 


GOUT 


599 


calls  for  no  special  remark ;  it  is  simply  an  inflammation  niduced 
by  a  mechanical  and  a  weakly  toxic  irritant. 

But  though  arthritic  manifestations  are  the  most  noticeable 
phenomena  of  gout,  they  are  not  the  only  ones  presented  by  a 
crouty  person.    Leaving  out  of  consideration  those  manifestations 
which  do  not  concern  us,  it  may  be  pointed  out  that  though  an 
attack  of  gout  may  come  on  without  warning,  it  is  generally  pre- 
ceded by premonitory  symptoms.'    The  patient  is  irritable  or 
depressed,  complains  of  headache  and  general  dyspeptic  symptoms 
—flatulence,  acidity,  loss  of  appetite,  foulness  of  the  tongue,  palpi- 
tation, &c. ;  or  he  may  suffer  from  neuralgia,  irritating  cough, 
cramps  in  the  leg,  &c.    Since  these  symptoms  come  on  at  a  time 
when  the  amount  of  uric  acid  in  the  blood  is  increasing  and 
disappear  immediately  the  arthritic  attack  is  established,  they  may 
reasonably  be  supposed  to  depend  upon  the  presence  of  uric  acid 
in  the  blood.    Slighter  manifestations  of  this  nature  which  do  not 
culminate  in  arthritic  attacks  are  not  infrequent  in  gouty  persons, 
or  indeed  in  persons  who  have  never  suffered  from  gout  but  who 
have  a  strong  family  history  of  gout ;  they  have  been  summed  up 
under  the  name  '  lithsemia  '  or  'uratsemia '  (Eoberts). 

It  IS  probable  that,  besides  gout  as  it  presents  itself  to  the 
clinician,  a  great  many  slight  indispositions  not  amounting  to 
actual  disease  depend  upon  temporary  overloading  of  the  blood 
with  uric  acid  or  its  congeners.  Though  one  would  perhaps  not 
go  so  far  as  Haig,who  considers  uric  acid  accumulation  as  directly 
or  indirectly  accountable  for  a  very  large  number  of  pathological 
conditions,  it  is  in  the  highest  degree  probable  that  we  have 
hitherto  greatly  under-estimated  the  importance  of  nuclem-denva- 

tives  generally.  .  , 

The  pathology  of  gout  is  bound  up  with  questions  as  to  the 
chemical  combinations  which  uric  acid  can  form  m  the  body  and 
the  solubihties  of  those  combinations.  These  subjects  have  been 
studied  with  great  care  by  Sir  William  Eoberts. 

Outside  the  body,  uric  acid  can  form,  with  each  of  the  alkalies 
a  urate,  a  biurate,  and  a  quadriurate.  A  urate  can  only  be  formed 
by  the  mter-action  of  uric  acid  with  sodium  hydrate  potassium 
hydrate,  ammonium  hydrate,  &c.,  and  since  these  substances  do 
not  exist  in  the  body,  normal  urates  cannot  enter  into  the  question 
of  gout  Nevertheless,  it  is  usually  said  that  the  material  m  gouty 
joints  is  'sodium  urate,'  the  deposit  in  uratic  urme  is  a  mixture 
of  '  sodium,  potassium,  and  ammonium  urates.'  The  only  salts 
with  which  we  are  concerned  are  the  biurates  and  quadriurates. 
In  the  blood  and  in  normal  urine,  uric  acid  only  exists  m  the 
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form  of  quadriurate,  a  substance  which  is  ah'eady  sparingly  soluble 
(1  in  500  of  serum),  and  which  in  an  alkahne  medium  takes  up 
another  atom  of  base  and  passes  into  biurate,  which  is  almost 
insoluble  (1  in  10,000  of  serum).  The  mortar-like  substance  in 
gouty  joints  is  sodium  biurate.  Conditions,  therefore,  which 
affect  the  solubility  of  sodium  biurate  and  its  formation  from  the. 
quadriurate  are  of  great  importance  in  considering  the  pathology 
of  gout.  To  these  we  shall  now  for  a  short  time  turn  our 
attention. 

The  Solubility  of  Sodium  Biurate  and  its  Formation  from  the 
Quadriurate.— Though,  sodium  biurate  is  only  soluble  to  the  extent 
of  1  part  in  10,000  of  serum,  in  pure  water  at  37"  C.  its  solubihty 
is  about  ten  times  as  great.  This  difference  in  solubility  ap- 
parently depends  upon  the  presence  of  sodium  salts  in  serum,  for 
Roberts  found  that  solubility  of  the  salt  in  water  diminishes  in 
proportion  to  the  amount  of  sodium  chloride  or  bicarbonate  in 
solution,  so  that,  for  example,  in  a  •?  per  cent,  watery  solution  of 
sodium  chloride,  sodium  biurate  is  almost  insoluble.  '  Moreover  if 
the  salts  be  removed  from  serum  by  dialysis,  it  dissolves  as  much 
biurate  as  does  pure  water.  Hence  in  the  body  deposition  of 
sodium  biurate  will  be  more  liable  to  take  place  according  as  the 
solution  in  which  it  finds  itself  contains  more  sodium  salts. 
Roberts  gives  the  following  table  showing  the  percentage  of 
sodium  salts  in  various  fluids,  tissues,  and  organs  of  the  body,  and 
it  is  remarkable  that  those  tissues  which  are  most  liable  to  uratic 
deposit  are  richer  in  sodium  salts  than  those  which  are  less  liable. 

Table  showing  the  Percentage  of  Sodium  Salts  in  the  several 
Fluids,  Tissues,  and  Organs  of  the  Body. 


Blood -serum 
Lymph 
Synovia 
Cartilage 
Fibrous  tissue 


Sodium  salts, 
per  cent. 

0-70 

0-70 

0-80 

0-90 

0-70 


Blood-corpuscles 

Brain 

Muscle 

Spleen  . 

Liver 


Sodium  salts 
per  cent. 

0-20 

0-20 

0-08 

0-04 

0-02 


But  sodium  biurate  exists  in  two  forms,  a  crystalline  and 
anhydrous  (to  which  alone  reference  has  hitherto  been  made), 
and  a  gelatinous  and  hydrated  form  which  is  very  unstable  and 
readily  passes  into  the  anhydrous  crystalline  form,  but  which  is; 
far  more  soluble  in  serum.  In  its  passage  to  the  crystalline 
biurate,  sodium  quadriurate  passes  through  the  hydrated  variety 
of  biurate,  and  the  readiness  with  which  this  series  of  changes 
is  carried  out  depends  chiefly  upon  the  amomit  of  quadriurate 
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present  and  the  presence  or  absence  of  sodium  salts.  Koberts 
found  that  the  series  of  changes  takes  place  more  rapidly  the  higher 
the  proportion  of  uric  acid  {i.e.  quadriurate)  in  solution.  Thus, 
in  his  experiments,  when  uric  acid  was  present  in  solution  to  the 
extent  of  1  in  3,000,  precipitation  of  biurate  commenced  on  the 
.third  day ;  when  present  to  the  extent  of  1  in  2,000,  precipitation 
commenced  in  thirty-three  hours ;  when  present  to  the  extent  of 
1  in  1,000,  precipitation  commenced  in  six  hours.  Similar  ex- 
periments showed  that  the  readiness  with  which  crystalline 
biurate  is  precipitated  from  solutions  originally  containing  quadri- 
urate alone  is  hastened  by  the  addition  of  sodium  salts  to  the 
solvent,  but  is  retarded  by  addition  of  potassium  salts.  At  the 
temperature  of  the  body,  too,  deposition  of  crystals  occurs  earlier 
than  at  the  temperature  of  the  room.  As  the  result  of  all  his 
experiments,  Koberts  concludes  that  an  attack  of  acute  arthritic 
gout  can  only  take  place  when  the  synovia  is  impregnated  with 
uric  acid  to  the  extent  of  about  1  in  2,500.  These  facts  indicate 
that  an  attack  of  gout  occurs  because  the  synovia  and  lymph  are 
charged  with  quadriurate  under  conditions  which  lead  to  precipi- 
tation of  crystalline  biurate  ;  the  most  important  of  these  condi- 
tions being  apparently  high  percentages  of  uric  acid  and  of 
sodium  salts  in  solution. 

Joints  Affected  in  Gout.— The  fact  to  which  reference  has  been 
made,  that  cartilage  and  synovia  contain  a  greater  percentage 
of  sodium  salts  than  lymph,  blood,  &c.,  probably  accounts  for  the 
relative  constancy  with  which  joints  are  affected  in  gout  and 
gouty  conditions.    But  all  joints  of  the  body  are  not  affected  with 
the  same  frequency.    The  metatarso-phalangeal  joint  of  the  great 
toe  is  almost  invariably  the  first  to  be  attacked,  and  often  it  is 
the  only  joint  affected  ;  cases  of  arthritic  gout  in  which  it  remains 
free  are  almost  unknown.    On  the  other  hand,  deposit  of  biurate 
in  the  hips  and  shoulders  .is  less  common,  while  in  the  maxillary, 
laryngeal,  and  sterno-clavicular  joints  it  is  excessively  rare.  The 
explanation  of  this  fact  is  not  quite  clear,  but  it  probably  depends 
upon  differences  in  freedom  of  circulation  :  in  this  connection  it  is 
suggestive  that  joints  of  the  lower  limbs  are  more  liable  to  be 
affected  than  corresponding  joints  of  the  upper  limb.    To  explain 
the  frequency  with  which  gout  atlects  the  metatarso-phalangeal 
of  the  great  toe,  Garrod  laid  stress  upon  its  Habihty  to  slight 
injuries  ;  he  found  that  if  any  other  joint  has  been  injured,  e.g, 
the  knee  by  a  fall  from  horseback,  it  is  liable  to  be  affected  before 
the  metatarso-phalangeal  joint,  even  though  the  injury  may  have 
taken  place  long  before  onset  of  the  gout. 
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With  regard  to  the  slighter  manifestations  of  the  gouty  state 
— which  are  non-arthritic — Roberts  suggests  that  they  may 
depend  upon  locahsed  and  inextensive  deposition  of  crystals  which 
are  afterwards  redissolved,  for  though  sodium  biurate  is  sparingly 
soluble  it  is  not  totally  insoluble.  He  also  calls  in  the  aid  of  re- 
solution to  explain  the  fact  that  joints  which  at  some  distant 
period  were  undoubtedly  affected  with  gout,  in  some  cases  after 
death  show  a  complete  absence  of  uratic  deposit. 

It  must  not  be  supposed,  however,  that  the  view  set  forth 
above  is  universally  accepted.  Pfeiffer  believes  that  uric  acid 
exists  in  the  body  fluids  in  a  form  not  easily  soluble  and  having  a 
great  tendency  to  precipitation,  so  that  it  is  precipitated  in  the 
tissues,  collects  in  quantities,  and  leads  to  tissue  necrosis.  An 
acute  attack  of  gout,  according  to  this  author,  occurs  when  the 
alkalinity  of  the  body  fluids  is  increased,  and  leads  to  a  partial 
solution  of  the  deposited  uric  acid.  This  view  is,  of  course, 
diametrically  opposite  to  that  of  Roberts.  Von  Noorden  considers 
formation  and  precipitation  of  uric  acid  as  a  secondary  process 
caused  by  the  action  of  a  local  ferment  and  completely  indepen- 
dent of  the  amount  and  relations  of  the  uric  acid  formed  in  other 
parts  of  the  body. 

Source  of  Uric  Acid  in  Gout. — But  whatever  the  factors  that 
are  the  immediate  causes  of  deposition  of  sodium  biurate  in  the 
joints,  we  are  still  confronted  by  the  question  as  to  why  uric  acid 
(quadriurate)  is  stored  up  in  the  blood  in  gouty  patients  at  all. 

It  is  certain  that  gout  is  often  associated  with  renal  disease, 
especially  of  the  fibrotic  type,  so  that  insufficient  excretion  may 
play  some  part  in  the  process,  but  it  is  far  more  probable  that 
there  is  an  excessive  formation  of  uric  acid  in  gouty  persons. 

Now  this  excess  of  uric  acid  may  be  formed  at  the  expense  of 
urea.  When  the  close  chemical  relationship  between  uric  acid 
and  urea  is  borne  in  mind,  it  seems  possible  to  explain  the  condi- 
tion by  assuming  that  when  nitrogenous  metabolism  has  been 
arrested  at  a  point  of  oxidation  less  than  the  normal  (in  which 
urea  is  formed),  the  result  is  uric  acid.  This  seems  the  more 
reasonable  since  gout  is  especially  liable  to  occur  in  persons  who 
eat  much  nitrogenous  food  and  take  little  exercise,  conditions 
which  one  would  expect  to  favour  the  production  of  a  less  highly 
oxidised  end-product  of  proteid  than  normal.  Seductive  as  this 
hypothesis  is,  it  is  doubtful  whether  it  is  altogether  correct, 
especially  in  view  of  the  different  proteid  origins  which  are  now 
ascribed  by  many  authors  to  urea  and  uric  acid.  Moreover,  ni 
gout  and  in  the  intervals  between  attacks  of  gout  the  excretion  of 
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urea  is  generally  normal.  Nevertheless,  excessive  consumption  of 
nitrogenous  food  and  deficient  exercise  are  so  often  found  in  gouty 
persons  that  one  is  loth  to  deny  that  these  factors  may  account  for 
the  accumulation  of  uric  acid  in  the  blood. 

But  it  is  by  no  -means  certain  that  the  excess  of  uric  acid  in 
gout  is  derived  from  the  ingesta  at  all.  For  more  important 
even  than  excessive  consumption  of  nitrogenous  food,  in  the 
causation  of  gout,  are  alcohoHc  beverages,  and  in  them  nitrogen 
is  practically  absent ;  moreover,  here  we  have  not  so  much  to  do 
with  an  excessive  consumption  as  with  a  moderate  consumption 
of  particular  kinds  of  alcohoHc  beverages  (port,  sherry,  madeira, 
sweet  champagne,  ale,  and  beer). 

Now  these  beverages  possess  the  common  characteristic  that 
they  all  contain  a  large  proportion  of  sugar.   We  have  seen  in  the 
case  of  diabetes,  that  consumption  of  sugar  leads  not  only  to  an 
excretion  of  sugar  greatly  exceeding  the  amount  ingested,  but 
also  to  an  increase  of  nitrogenous  excretion,  and  further,  the 
same  point  has  been  shown  by  animal  experiment.    So  that  it  is 
possible  that  in  gout  also,  sugar  is  a  stimulus  to  abnormal  proteid 
metaboHsm ;  the  more  so  that  an  association  between  gout  and 
diabetes  is  shown  to  exist  by  the  facts  that  gout  is  not  infrequently 
accompanied  by  a  slight  degree  of  glycosuria,  and  that  diabetes 
melhtus  may  follow  immediately  upon  an  acute  attack  of  gout. 
In  the  same  way  it  is  possible  that,  where  gout  is  associated  with 
excessive  consumption  of  nitrogenous  food,  the  uric  acid  is  not 
derived  from  this  food,  but  is  due  to  an  abnormal  and  increased 
tissue  metabolism  to  which  ingestion  of  nitrogenous  food,  like 
ingestion  of  sugar,  may  give  rise.    In  a  word,  we  do  not  know 
what  is  the  proteid  origin  of  the  excess  of  uric  acid  present  in  the 
blood  in  gout ;  perhaps  the  fault  lies,  not  in  the  ingesta,  but  in 
the  proteids  of  the  body  itself,  which  are  more  liable  to  destruction 
than  normal.    Such  a  pecuHarity  might  well  be  inherited,  and 
the  hereditary  tendency  to  gout  (and  the  same  is  true  with 
diabetes)  is  one  of  the  most  striking  characters  of  the  disease. 
We  shall  probably  be  right,  however,  if  we  locate  the  immediate 
seat  of  uric  acid  formation  in  the  liver. 

Lead  and  Goat.— It  has  long  been  taught  that  there  is  a  con- 
nection between  poisoning  with  lead  and  gout,  but  it  is  doubtful 
whether  the  relationship  is  causal  or  only  accidental.  Opinions 
are  divided  upon  this  point,  but  the  general  opinion  at  the  present 
day  is  that  though  lead-poisoning  does  not  cause  gout,  it  often 
leads  to  an  attack  of  gout  in  a  gouty  person.  Lead-poisonmg 
when  chronic  certainly  induces  renal  changes  (chronic  granular 
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kidney) ,  and  perhaps  in  this  way  the  connecting  hnk  is  made,  but 
it  also  induces  hepatic  changes,  so  that  possibly  nitrogenous  meta- 
bolism in  the  liver  is  affected.  Liithje  finds  in  dogs  that 
intoxication  with  lead  salts  has  no  effect  upon  the  excretion  of 
uric  acid,  as  most  authors  (following  Garrod)  believe.  Even  when 
the  poisoned  dogs  are  fed  with  thymus,  which  greatly  increases 
uric  acid  excretion,  the  same  is  true.  He  therefore  ascribes  the 
gout  of  lead-poisoning  to  increased  production  of  uric  acid,  and 
not  to  deficient  excretion.  Haig  believes  that  in  these  cases  an 
insoluble  lead-  urate  is  formed.  The  effects  of  lead-poisoning, 
however,  are  so  many  and  varied  that  it  is  useless  to  speculate 
upon  the  way  in  which  lead-poisoning  might  lead  to  gout,  so  long 
as  we  are  uncertain  whether  a  direct  connection  actually  exists. 

(iii)  Calculi. — Under  various  conditions  substances  which  are 
normally  discharged  from  the  body  are  retained  and  collect  in 
masses,  forming  calculi  or  concretions.  Leaving  out  of  considera- 
tion gouty  concretions  and  the  concretions  sometimes  found  in 
veins  from  calcification  of  thrombi,  calculi  are  found  mainly  in  the 
gall-bladder  and  biliary  ducts,  the  kidney  (and  especially  the 
pelvis),  the  bladder  and  prostate,  the  intestines,  the  salivary  and 
the  pancreatic  ducts. 

The  composition  of  concretions  varies  considerably,  but  it  is 
clear,  from  the  work  of  Naunyn,  Ebstein,  and  others,  that  in 
most  cases,  if  not  in  all,  they  consist  of  an  organic  ground- 
substance,  in  the  mesh  work  of  which  the  inorganic  substance  is 
deposited.  A  calculus  rarely  is  composed  of  one  inorganic 
substance  alone,  and  often  it  shows  on  section  a  stratified  ap- 
pearance, indicating  that  the  layers  of  which  it  is  composed  have 
been  laid  down  at  different  times.  Thus  a  vesical  calculus  on 
section  may  show  that  the  centre  is  composed  of  calcium  oxalate 
upon  which  successive  layers  of  oxalate  and  uric  acid  or  its  salts 
have  been  deposited  alternately,  while  the  whole  is  surrounded  by 
a  shell  of  mixed  calcic  and  ammonio-magnesium  phosphates. 
Calculi  may  be  single  or  multiple,  and  different  substances  have 
somewhat  different  characteristics  in  this  respect.  Thus,  the 
renal  calculus  formed  of  calcium  oxalate  is  usually  single,  but 
several  uric  acid  or  uratic  calculi  are  commonly  present  in  the  same 
kidney.  Multiplicity  is  also  a  common  characteristic  of  gall- 
stones ;  at  times  they  may  be  present  in  scores.  When  more 
than  one  calculus  exists  in  the  same  part,  the  stones  are  almost 
invariably  faceted  from  mutual  attrition  or,  more  probably,  from 
moulding  while  in  a  soft  state. 

Calculi  in  the  intestines  (enteroliths)  are  usually  gall-stone& 
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which  have  either  been  passed  by  the  common  bile-duct  or  have 
ulcerated  into  the  intestine  ;  besides  them,  however,  simple,  hard 
concretions  formed  from  some  substance  derived  from  the  food, 
are  occasionally  met  with.  It  is  important  to  note  that  a  gall- 
stone may  undergo  considerable  change  during  a  sojourn  m  the 
intestine.  Thus  in  a  case  that  came  under  the  author's  notice 
the  enterolith  was  pigmented,  but  there  was  only  a  trace  of  the 
ordinary  bile  pigments,  and  cholesterin  was  entirely  absent.  The 
concretion  was  considered  to  be  of  a  fsecal  nature  until  it  was 
found  at  the  autopsy,  a  few  days  after  the  concretion  had  been 
passed  that  a  large  fistulous  communication  obtained  between 
the  gail-bladder  and  the  duodenum.  CalcuH  in  the  intestines  are 
clinically  of  importance  as  occasional  causes  of  acute  and  chronic 
intestinal  obstruction,  appendicitis,  &c.  The  so-called  'cherry- 
stones '  often  found  in  appendicitis  are  almost  invariably  composed 
of  inspissated  fascal  material. 

Gall-stones  are  commonly  composed  of  cholesterin  or  a  mixture 
of  cholesterin  and  bile-pigment,  but  sometimes  they  consist  of 
bilirubin-  and  biliverdin-calcium  or  of  calcium  carbonate,  ihe 
reason  for  their  formation  is  not  quite  clear,  but  probably  it  lies 
in  a  previous  alteration  of  the  mucous  membrane  of  the  gall- 
bladder or  hepatic  ducts.    Naunyn  holds  that  the  conditions  of 
their  formation  are  :  (1)  alteration  of  the  mucous  membrane,  which 
leads  to  destruction  and  desquamation-  of  epithelium  and  out- 
pouring of  mucus,  and  (2)  stagnation  of  bile  m  the  bihary 
passages  ;  under  these  conditions  bihrubin-calcium  and  cholesterin 
are  precipitated  m  the  organic  material.    On  the  other  hand 
Laves  placed  substances  of  great  variety  m  the  gall-bladders  of 
dogs  (irritating,  putrefactive,  alkalme,  acid,  substances  and  even 
gall-stones),  but  never  found  that  they  induced  calculus-formation  ; 
in  fact,  small  soft  bodies  disappeared-larger  ones  if  soluble  were 
dissolved  in  part,  and  if  insoluble  remained  completely  unaltered. 
Mayer,  too,  inserted  balls  made  of  ivory,  agar-agar,  or  clay  into 
the  gall-bladders  of  dogs,  and  left  them  there  for  periods  of  not 
less  than  a  year,  but  his  results  were  completely  negative  as  regards 
calculus-formation.    However,  gall-stones  do  not  normally  occur 
in  dogs,  so  that  the  value  of  these  experiments  is  perhaps  somewhat 

diminished  thereby.  .  , 

It  is  not  unlikely  that  micro-organisms  are  m  a  large  measuie 
responsible  for  the  changes  in  the  mucous  membrane  of  he 
biliary  passages  which  lead  to  deposition  o  substances  from  the 
bile  and  formation  of  gall-stones.  Chiari,  Sherringtmi,  and  otheis 
have  shown  m  typhoid  fever,  anthrax  &c.,  that  bacilli  m  pure  oi 
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in  impure  culture  are  frequently  found  in  the  gall-bladder,  and 
Italia  has  approached  the  question  of  gall-stone  formation  ex- 
perimentally on  these  lines.  He  found  that  cultures  of  attenuated 
B.  typhosus  or  B.  coli  communis  when  injected  into  the  gall- 
bladder of  animals  induce  an  acidification  of  the  bile  whereby 
cholesterin  is  precipitated.  This  mixes  with  mucus  secreted  by 
the  wall  of  the  gall-bladder,  and  a  mass  is  formed  which  has  the 
same  appearances  and  composition  as  a  gall-stone.  A  similar 
result  was  not  obtained  with  culture  medium  and  killed  bacilh,  so 
that  the  action  is  not  purely  chemical.  Naunyn,  too,  ascribes 
great  importance  to  B.  coli  communis  in  causing  changes  in  the 
mucous  membrane  of-  the  bile  passages.  The  views  put  forward 
by  this  author  that  bilirubin-calcium  is  precipitated  from  the  bile 
when  it  contains  calcium  in  excessive  quantities  brought  to  it  by 
the  blood,  and  that  cholesterin  is  formed  in  situ  from  the 
epithelial  cells,  are  probably  correct. 

Eenal  calculi  are  generally  composed  of  uric  acid  and  its 
sodium  and  ammonium  salts  or  of  calcium  oxalate,  but  concre- 
tions formed  of  calcium  phosphate,  calcium  carbonate,  a  mixture  of 
calcium  and  ammonio-magnesium  phosphate,  cystin,  xanthin  &c. 
are  also  known.  The  chief  experimental  investigations  upon 
renal  and  vesical  calculus-formation  are  those  of  Ebstein  and 
Nicolaier  and  of  Tufher.  Tuffier  found  that  foreign  aseptic  bodies 
are  in  nowise  altered  by  a  sojourn  in  the  normal  urinary  passages, 
and  that  the  kidney  or  bladder  which  encloses  such  a  substance 
undergoes  no  alteration  due  to  the  simple  presence  of  this  body. 
Nor  is  calculus-formation  furthered  under  these  circumstances  by 
giving  a  nitrogenous,  phosphatic,  uratic,  or  oxalate  diet.  Ebstein 
and  Nicolaier  produced  artificial  lithiasis  by  feeding  dogs  and 
rabbits  with  oxamide,  an  ammoniated  derivative  of  oxalic  acid, 
and  Tuffier  confirmed  their  results.  He  found,  in  addition,  that 
lithiasis  is  more  readily  obtained  if  at  the  same  time  irregular 
foreign  bodies  are  introduced  into  the  urinary  passages. 

We  have  already  discussed  the  conditions  under  which  an 
excess  of  uric  acid  is  formed  in  the  body  ;  and  probably  in  the 
formation  of  uric  acid  calculi,  whether  uric  acid  is  produced  in 
excess  or  not,  the  conditions  are  much  the  same  as  in  gout ;  indeed, 
in  gout  it  is  very  common  to  find  small  collections  of  crystalline 
uric  acid  in  the  urine  as  '  gravel.'  The  fact  shown  by  His  and 
confirmed  by  Klemperer,  that  most  of  the  uric  acid  in  urine  is 
held  mechanically  by  a  colloid  substance  and  is  not  in  solution, 
probably  has  some  share  in  determining  the  formation  of  calculi 
composed  of  this  substance. 
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With  regard  to  the  conditions  under  which  calcium  oxalate 
calculi  are  formed,  it  is  doubtful  whether  passage  of  calcium 
oxalate  in  the  urine  is  entirely  a  pathological  process:  Dunlop 
and  others  believe  that  oxaHc  acid  is  a  normal  constituent  of  the 
urine  of  men  living  on  a  mixed  diet.    This  is  probably  true; 
nevertheless,  oxalate  of  lime  is  not  always  precipitated  in  the  urine, 
though  the  amount  of  lime  present  is  about  twenty  times  as  much 
as  is  necessary  to  precipitate  the  oxalic  acid.    Since  oxalates  ad- 
ministered by  the  mouth  are  only  partially  recoverable  from  the 
urine  and  faeces  (Lommel),  perhaps  they  are  destroyed  by  the 
bacteria  of  the  intestine.    Opinions  as  to  the  source  of  calcium 
oxalate  are  very  conflicting.   Most  authors  hold  that  the  oxalic  acid 
is  derived  from  vegetable  food,  and  that  its  precipitation  as  a 
calcium  salt   is  favoured  by  the  presence  of   relatively  large 
quantities  of  oxalic  acid  in  solution.    On  the  other  hand,  Lommel 
states  that  the  excretion  of  oxahc  acid  is  increased  by  giving  food 
which  contains  much  nuclein  (calves'  thymus),  though  the  increase 
does  not  run  parallel  with  the  destruction  of  proteid.  Chemically, 
it  is  possible  that  the  oxaHc  acid  is  derived  from  uric  acid,  and  it 
is  well  known  that  bodies  containing  nuclein  can  be  a  source  for 
the  formation  of  the  latter  substance. 

Phosphatic  calculi  are  occasionally  found  in  the  kidney,  but 
more  commonly  in  the  bladder.    It  is  generally  taught  that  they 
can  only  occur  when  the  urine  is  alkaline,  and  this  undoubtedly 
is  the  rule ;  nevertheless,  instances  are  not  very  uncommon  in 
which  they  occur  with  a  definitely  acid  urine.    In  these  cases  they 
consist  of  pure  calcium  phosphate  and  are  not  laminated.  When 
a  phosphatic  calculus  contains  ammonium  salts  it  must  have  been 
formed  in  a  urine  which  was  not  only  alkaline  but  had  also  imder- 
gone  ammoniacal  fermentation.    Salivary  and  pancreatic  calculi 
mainly  consist  of  calcium  carbonate ;  prostatic  calculi,  of  calcium 
phosphate.    But  we  shall  not  stop  to  consider  these  calcuh.  Nor 
shall  we  discuss  the  effects  of  calcuh ;  though  they  are  of  extreme 
importance  clinically,  the  symptoms  &c.  which  they  produce 
are  due  to  their  mechanical  a.ction  and  call  for  no  special  remark 
in  this  place. 

Under  the  heading  of  '  morbid  conditions  in  which  substances 
normally  discharged  are  retained  within  the  body '  ought  rightly 
to  be  considered  such  abnormal  conditions  as  imperforate  anus, 
imperforate  urethra,  imperforate  hymen,  which  are  due  to  develop- 
mental defects,  retention  of  portions  of  placenta,  or  even  of  the 
whole  placenta,  due  to  adhesions  contracted  between  it  and  the 
uterine  wall,  retention  of  a  dead  and  altered  foetus  (hthopredion,  &c.), 
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even  undue  prolongation  of  pregnancy,  and  so  on.  But  though 
these  conditions  are  interesting  and  highly  important,  their 
discussion  would  take  us  beyond  the  scope  of  this  work. 

V.  Morbid  Conditions  in  which  Substances  are  discharg-ed 
from  the  Body  by  Abnormal  Paths.— Though  it  is  doubtful 
whether  jaundice  can  rightly  be  considered  under  this  heading, 
since  it  is  perhaps  hardly  correct  to  say  that  bile  or  even  bile- 
pigments  are,  as  such,  normally  discharged  from  the  body,  it  is 
convenient  to  assume  as  a  fact  the  statement  commonly  made 
that  bile  is  present  in  the  foeces,  and  to  consider,  when  bile-pig- 
ments are  found  in  urine  and  sweat,  that  they  are  discharged  '  by 
abnormal  paths.'  Jaundice,  therefore,  being  the  most  important 
condition  that  we  shall  have  to  discuss  in  this  section,  its  pathology 
will  be  dealt  with  first.  Other  conditions,  which  we  shall  after- 
wards have  to  mention,  will  not  detain  us  long. 

(i)  Jaundice. — In  jaundice,  bile-pigments,  and  in  some  cases 
bile-salts,  are  discharged  from  the  body  by  paths  other  than  the 
bowel.  They  leave  it  in  urine,  in  sweat,  in  inflammatory  and  other 
exudations.  But  though  we  have  chosen — and  with  justice — to 
lay  stress  upon  the  discharge  of  bile  or  its  pigments  from  the 
body,  the  most  noticeable  feature  of  jaundice,  and  the  one  from 
which  it  takes  its  name,  is  the  presence  of  bile-pigment  in  the 
subcutaneous  tissues.  It  is  found  nearly  everywhere — the  con- 
junctiva, the  vitreous  humour,  the  lungs,  kidneys,  fat,  serous 
fluids,  sweat  (to  take  some  examples)  are  all  yellow.  The  brain 
and  spinal  cord,  however,  the  liver  in  some  cases,  saliva,  tears, 
gastric  and  pancreatic  secretions,  and  mucus  are  free  from  pigment. 
The  colour  is  not  always  yellow  ;  when  jaundice  has  existed  for  a 
considerable  length  of  time  (and,  according  to  Fagge,  when  it  has 
been  dependent  upon  complete  obstruction  of  the  bile-ducts,  but 
not  otherwise)  the  bile-pigment  in  the  skin  undergoes  oxidation 
as  it  does  outside  the  body,  and  the  colour  gradually  changes  to 
an  olive-  or  a  dirty  grey-green.  The  pigment  is  generally  in 
solution,  but  in  long-standing  cases  and  in  the  jaundice  of  infants 
(icterus  neonatorum)  it  is  deposited  anywhere  in  the  body,  but 
especially  in  the  kidneys  and  fat,  in  a  crystalline  form.  The  wide 
distribution  of. bile-pigment  in  jaundice  indicates  that  the  pigment 
is  conveyed  to  different  parts  by  the  blood,  and  when  the  plasma 
or  serum  is  separated  from  the  corpuscles,  it  is  seen  to  be  more  or 
less  deeply  bile-stained. 

The  fact  that  bile-pigment  is  found  in  the  blood,  taken  together 
with  the  fact  that  the  most  marked  cases  of  jaundice  are  those  in 
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which  there  is  obstruction  to  entry  of  bile  into  the  intestine 
through  the  common  bile-duct,  early  led  to  the  recognition  of  a 
jaundice  of  obstructive  origin.  The  obstruction  may  be  caused 
by  a  gall-stone  which  has  passed  through  the  cystic  into  the 
common  bile-duct,  a  gall-stone  which  has  formed  in  the  hepatic 
duct,  a  tumour  of  any  kind  which  presses  upon  and  occludes  the 
common  or  hepatic  duct,  e.g.  carcinoma  of  the  head  of  the  pancreas 
or  a  gumma  in  the  portal  fissure,  a  catarrhal  swelling  of  the  mucous 
membrane  of  the  duodenum  or  common  bile-duct,  and  so  on.  In 
these  cases  it  is  assumed  that  bile  is  formed  by  the  liver  as  usual, 
but  being  unable  to  escape  into  the  intestine,  it  is  reabsorbed,  and 
■enters  into  tbe  blood  either  indirectly  by  way  of  the  lymphatics 
and  thoracic  duct,  or  directly  by  bursting  of  the  dilated  bile- 
radicles  into  the  blood-capillaries  of  the  liver  (Ziegler,  Browicz). 

This  form  of  jaundice  was  originally  termed  '  hepatogenous,' 
to  distinguish  it  from  jaundice  in  which  no  obstruction  to  the 
■excretory  ducts  was  found,  in  which  the  symptoms  were  often 
very  different,  and  which  occurred  under  conditions  that,  it  was 
contended,  imply  a  formation  not  of  bile  by  the  hver,  but  of  bile- 
pigment  in  the  blood  itself ;  jaundice  of  this  description  was  termed 
'hgematogenous.' 

Even  this  division  of  jaundice  into  hepatogenous  and  haemato- 
genous  is  only  of  comparatively  recent  origin  (Kiihne,  1868),  for 
previously  a  division  had  been  made  into  jaundice  from  obstruction 
and  jaundice  from  non-elimination.  Jaundice  from  non-elimina- 
tion was  so  called  because  it  was  assumed  that  whereas  bile-salts 
are  formed  in  the  liver,  bile-pigments  pre-exist  as  such  in  the 
blood,  and  are  simply  separated  therefrom  by  the  liver.  But  this 
view  has  been  conclusively  proved  erroneous — so  far,  at  least,  as 
the  general  circulation  is  concerned— by  the  experiments  of  Kiihne 
and  others  on  frogs,  and  Minkowski  and  Naunyn  on  geese  and 
ducks.  These  authors  extirpated  the  livers  of  the  several  animals, 
and  found  that  the  animal  does  not  become  jaundiced,  nor  do 
bile-pigments  accumulate  in  the  blood,  nor  are  they  excreted  in 
the  urine.  Hence  a  jaundice  from  non-ehmination  of  bile-pigment, 
in  this  sense,  does  not  exist. 

Frerichs  allowed  that  bile-pigment  is  directly  formed  by  the 
liver,  and  attempted  to  explain  cases  of  jaundice  in  which  no 
obstruction  to  the  bile-ducts  is  obvious,  by  assuming  that  they 
are  accompanied  by  'polychoHa.'  By  this  he  meant  that  the 
amount  of  bile  reabsorbed  from  the  intestine  is  so  great  that  a 
portion  is  unable  to  undergo  its  normal  metamorphosis  in  the 
tissues,  but  circulates  in  the  blood.    He  ascribed  the  greatest 
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importance  to  the  bile-salts  in  the  causation  of  this  '  non-obstruc- 
tive '  form  of  jaundice,  for  he  asserted  that  bile-acids  can  be 
directly  converted  into  bile-pigment  by  the  action  of  sulphuric 
acid  outside  the  body,  and  showed  that  injection  of  decolorised 
bile  into  the  circulation  of  animals  leads  to  the  appearance  of 
bilirubin  in  the  urine.  It  was  soon  proved,  however,  that  the 
bile-salts  of  decolorised  bile  are  not  directly  converted  into  bile- 
pigment,  but  produce  bilirubinuria  by  acting  upon  the  red  blood- 
corpuscles  ;  Kiihne  found  in  dogs  that  if  he  made  an  intravenous 
injection  of  blood  colouring  matter,  he  obtained  hsemoglobinuria, 
whereas  if  he  added  a  small  quantity  of  a  bile-salt  to  the  injected 
oxyhsemoglobin,  bilirubin  appeared  in  the  urine.  We  shall  have 
to  return  to  this  question. 

Jaundice  from  Obvious  Obstruction  ('  Obstructive,'  '  Hepato- 
genous '  Jaundice). — We  shall  first  consider  cases  of  jaundice  in 
which  obstruction  is  obvious,  for  their  pathology  is  apparently 
simpler.  Of  the  1^-2  pints  of  bile  which  are  normally  thrown  into 
the  intestine  during  the  twenty-four  hours,  some  is  probably 
reabsorbed,  though  how  much  it  is  impossible  to  say,  since  we 
have  no  information  as  to  the  quantity  of  hydrobilirubin  necessary 
to  give  to  faeces  their  normal  colour,  and  we  know  that  hydrobih- 
rubin  has  smaller  tinctorial  powers  than  bilirubin  (Gamgee).  But 
taking  for  granted  the  general  statement  that  bile  is  reabsorbed, 
there  must  be  a  great  difference  between  the  normal  condition 
and  the  condition  in  jaundice  from  obvious  obstruction.  In  the 
latter  case,  such  bile-pigment  as  is  formed  is  thrown  immediately 
into  the  general  circulation ;  in  the  former  case,  such  bile- 
pigment  as  is  reabsorbed  is  absorbed  gradually,  and  is  probably 
carried  at  once  to  the  Hver  by  the  portal  vessels  and  there  again 
worked  up  into  bile,  so  that  it  never  reaches  the  general  circula- 
tion. According  to  this,  which  is  the  generally  accepted  view, 
jaundice  due  to  obvious  obstruction  of  the  excretory  ducts, 
depends  essentially  upon  the  fact  that  bile-pigment  is  thrown  into 
the  general  circulation  owing  to  failure  of  loss  by  the  intestine. 
Besides  bile-pigments,  in  this  form  of  jaundice,  the  blood  also 
receives  bile-salts,  and  their  presence  there  is  manifested 
particularly  by  the  bradycardia  that  accompanies  jaundice  of  this 
type.  For  when  the  bile-duct  is  obviously  obstructed,  the  pulse 
rate  may  fall  to  50,  40,  or  even  20  per  minute,  and  production  of 
such  a  result  has  been  shown  experimentally  to  depend  upon 
poisoning  by  bile-acids.  Further,  since  bile-acids  cause  disinte- 
gration of  red  blood-corpuscles,  in  jaundice  of  this  description 
there  must  also  be  an  abnormally  large  formation  of  bile-pigment. 
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Toxamic  Jaundice  {'  Non-ohstnictive,'  '  Hcematogenoiis'  Jaun- 

 Jaundice  which  is  not  due  to  obvious  obstruction  of  the 

excretory  ducts  of  the  liver,  occurs  under  a  variety  of  conditions, 
many  of  which  are  febrile.    Thus  it  is  seen  in  yellow  fever,  in 
remittent  and  intermittent  fever,  in  pyaemia,  in  scarlatina,  in 
typhus  fever,  in  acute  yellow  atrophy  of  the  liver  &c.  with  more 
or  less  regularity  or  rareness  ;  it  occurs  as  the  result  of  poisoning 
by  phosphorus,  arseniuretted  hydrogen,  toluylenediamin  (dog), 
and  in  some  cases  of  snake-bite ;   it  occurs  sometimes  after 
severe  mental  emotion  or  concussion  of  the  brain.    These  forms 
of  jaundice  are  further  characterised  by  the  fact  that  in  most  of 
thsm  it  is  known  with  complete  or  tolerable  certainty  that  a 
poison  is  circulating  in  the  blood,  and  in  many  of  the  rest  it  is 
probable-  that  a  similar  condition  obtains.    Moreover,  in  nearly 
all  of  the  primary  conditions  upon  which  the  jaundice  depends, 
there  is  destruction  of  red  blood-corpuscles.    It  was  easy,  there- 
fore, to  conclude  that  the  jaundice  in  these  cases  depends  upon  a 
toxic  destruction  of  red  blood-corpuscles,  and  a  conversion,  in  the 
blood,  of  the  blood-pigment  into  the  closely  alHed  bile-pigment 
(ha3matogenous  jaundice).    This  view,  it  was  held,  is  supported 
by  the  absence  in  these  cases  of  jaundice  of  that  bradycardia 
which  is  characteristic  of  jaundice  caused  by  the  presence  of 
fully  formed  bile  (i.e.  of  bile-salts)  in  the  blood ;  by  the  asserted 
absence  of  bile-salts  in  the  urine  ;  by  the  relative  slightness  of  the 
jaundice  in  many  cases. 

Now,  there  is  no  doubt  that  bradycardia  is  the  rule  in  cases 
of  '  obstructive  '  jaundice,  and  the  exception  in  cases  of  '  non- 
obstructive '  jaundice,  unless  it  be  due  to  some  extrinsic  cause  ; 
and  no  satisfactory  explanation  can  be  given  of  the  difference.^ 
But  it  is  certainly  incorrect  to  say  that  in  '  non-obstructive  ' 
jaundice  the  urine  does  not  contain  bile-salts.  For,  in  the  first 
place,  recognition  of  bile-salts  in  the  urine  is  so  complicated  and 
difficult  a  matter,  that  assertions  as  to  absence  of  bile-salts  are 
not  very  rehable;  and  in  the  second  place,  Stadelmann  found 
bile-salts  in  the  urine  in  the  'non-obstructive'  jaundice  caused 
by  toluylenediamin,  by  phosphorus,  by  arseniuretted  hydrogen  ; 
and  Naunyn  found  them  in  two  cases  of  pyaemia  in  which  the 
hepatic  ducts  were  free. 

The  view  that  jaundice  in  the  cases  under  discussion  is  of 
haematogenous  origin  has  been  opposed  with  great  force.  Stadel- 
mann, following  up  Schmiedeberg's  observation  that  toluylene- 
diamin produces  an  intense  jaundice  in  dogs,  found  that  in  these 
animals  injection  of  the  drug  leads  to  the  following  changes: 
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From  the  2nd  to  the  14th  hour  after  injection,  the  bile  is  very 
rich  in  pigment  and  is  excreted  in  increased  quantity ;  from  the 
14th  to  the  60th-70th  hour,  nothing  but  a  small  quantity  of 
colourless  mucus  is  formed  ;  later^  and  gradually,  excretion  of 
characteristic  bile  is  re-established.  Jaundice  commences  in  the 
iirst  stage,  is  at  its  height  in  the  second,  disappears  in  the  third. 
Bile-pigment  is  present  in  the  arine  from  the  first,  but  bile-acids 
do  not  make  their  appearance  till  about  the  middle  of  the  second 
stage,  and  about  twenty-four  hours  later  they  may  be  present  in 
the  urine  in  considerable  quantity.  Stadelmann  was  unable  to 
find  any  evidence  of  duodenal  catarrh,  and  until  Afanassiew  had 
shown  that  the  drug  causes  great  destruction  of  red  blood- 
corpuscles  he  did  not  recognise  this  point.  Hence,  at  first,  he 
was  unable  to  offer  any  explanation  of  the  jaundice,  but  after  he 
had  fully  confirmed  Afanassiew's  observations  he  concluded  that 
the  explanation  is  as  follows  :  The  drug  causes  blood  destruction, 
and  the  freed  haemoglobin  leads  to  an  increased  formation  and 
excretion  of  bile-pigments,  which  is  attended  by  an  increased 
viscosity  of  the  bile ;  in  face  of  the  low  pressure  at  which  bile 
is  secreted,  this  increase  of  viscosity  offers  a  temporary  obstruc- 
tion to  the  onflow  of  bile  and  leads  to  its  reabsorption. 

W.  Hunter  carried  the  matter  further,  and  maintains  that  the 
concentration  of  the  bile,  which  is  so  marked,  is  due  to  an  exten- 
sive catarrh  of  the  bile-ducts  extending  from  their  origin  down- 
wards towards  the  duodenum.  This  catarrh  is  occasioned  by 
excretion  of  the  drug  or  its  derivatives  in  the  bile,  for  Hunter 
determined  the  presence  of  the  poison  in  the  bile  as  early  as  one 
hour  after  its  subcutaneous  injection.  Hunter,  therefore,  holds 
that  jaundice  after  administration  of  toluylenediamin— a  jaundice 
which  appears  at  first  sight  to  be  eminently  '  haematogenous  '—is 
really  due  to  obstruction  of  the  bile-ducts.  In  the  case  of 
poisoning  with  phosphorus  and  with  arseniuretted  hydrogen, 
Stadelmann  obtained,  essentially,  the  same  results  as  with 
toluylenediamin. 

Minkowski  and  Naunyn  gave  an  even  more  conclusive  proof 
that  the  liver  is  necessary  to  the  production  of  so-called  '  haemato- 
genous'  jaundice.  Having  found  that  poisoning  with  arseni- 
uretted hydrogen  leads,  in  geese  and  dacks,  to  destruction  of  red 
blood-corpuscles  and  to  the  presence  of  bihrabin  in  the  urine, 
they  proceeded  to  extirpate  the  liver,  in  some  cases  before,  in 
some  cases  after,  submitting  the  birds  to  action  of  the  gas.  They 
found  that  in  the  absence  of  the  liver,  though  hasmoglobin  is 
present  in  the  urine,  bihrubin  is  always  absent. 
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As  a  result  of  these  experiments  and  others  of  a  similar  kind,  it 
is  now  universally  held  (1)  that  a  hsematogenous  jaundice  does  not 
exist ;  (2)  that  all  varieties  of  jaundice  are  hepatogenous  and  due 
to  reabsorption  of  bile  formed  in  the  liver.  It  is  further  generally 
held  that  reabsorption  of  bile  is  due  to  the  presence  of  an  obstruc- 
tion in  the  bile-ducts,  whether  this  obstruction  is  obvious — e.g.  a. 

gall-stone  or  not.     Concerning  the   last   statement,  however, 

there  is  more  difference  of  opinion.    Browicz,  for  example,  denies 
that  obstruction  is  present  in  all  cases,  and  himself  never  found 
catarrh  of  the  small  bile-ducts  in  the  absence  of   a  coarser 
obstruction.    He  maintains  that  transference  of  bile  to  blood- 
vessels takes  place  in  the  acini  of  the  liver  themselves,  and  is  due 
to  the  fact  that  hyperactivity  of  the  liver  cells  in  the  presence  of  an 
excessive  amount  of  available  blood  pigment  causes  bile  to  accumu- 
late in  the  centre  of  the  acini  and  exert  a  pressure  sufficient  to 
rupture  the  thin  walls  of  the  intra-acinous  capillaries.   It  is  highly 
important  in  this  connection  to  note  that  Schafer  has  demonstrated 
the  presence  of  canahcuK  in  the  hepatic  cells  themselves  that  can 
be  injected  from  the  portal  vein.    Browicz's  objection  to  an  expla- 
nation of  jaundice  by  obstruction  is  shared  by  Pick ;  nevertheless 
Pick's  view  differs  from  that  of  Browicz  in  that  he  considers  that 
the  condition  is  due  to  a  perverted  secretion  of  bile  ('  parachoha '), 
owing  to  which  the  bile  is  secreted  from  the  hepatic  cells  into  the 
capillary  blood-vessels  instead  of  into  the  bile  canaHculi.  He 
refers  almost  all  varieties  of  jaundice  to  nerve  stimulation  or  toxic 
action.    Thus  nerve  stimulation  is  accountable  for  jaundice  from 
fright,  and  especially  for  that  variety  following  on  gall-stone  cohc. 
So  far  as  jaundice  resulting  from  haemolysis  is  concerned,  Kraus 
and  Sternberg  have  recently  prepared  a  hsemolysin  agamst  dog's 
erythrocytes,  and  found  that  injection  of  this  hsemolytic  serum 
into  dogs  led  to  intense  jaundice  with  definite  distension  of  all  the 
bile  passages  by  tenacious  dark  bile. 

Infantile  Jaundice.— O^imon^  are  very  divided  as  to  the  exact 
way  in  which  infantile  jaundice  is  brought  about,  though  most 
authors  ascribe  it  to  changes  in  the  hepatic  circulation  occurring 
at  birth.  Frerichs  thought  that  it  depends  upon  a  diminution  ot 
tension  in  the  capillaries  of  the  hver  which  leads  to  a  transference 
of  bile  into  them.  Birch-Hirschfeld  regarded  it  as  being 
dependent  upon  an  oedema  of  Glisson's  capsule,  due  to  venous 
congestion  in  the  region  of  the  intra-abdominal  portion  of  the 
umbilical  vein  and  the  portal  vein.  Ziegler  believes  that  after 
birth  bile-pigment  is  formed  in  large  quantity  afresh,  and  is 
absorbed  also  in  large  quantity  from  the  meconium.  Neumann 
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finds  that  at  birth,  in  many  otherwise  normal  children,  a  certain 
small  amount  of  bile-pigment,  not  sufficient  to  lead  to  a  true 
icteric  coloration,  is  present  in  the  blood  and  in  the  tissue- 
juices  in  solution.  Browicz  maintains  that  this  variety  of  jaundice 
has  fundamentally  the  same  pathogeny  as  the  others,  and  depends 
upon  an  increased  exercise  by  the  hepatic  cells  of  their  normal 
function  in  the  presence  of  an  increased  destruction  of  red  blood- 
corpuscles.  And  lastly,  Lesage  and  Demelin  hold  that  a  large 
number  of  cases  are  infective. 

(ii)  Fistulae  and  other  Conditions.— Concerning  other  morbid 
conditions  in  which  substances  are  discharged  from  the  body  by 
abnormal  paths  so  little  need  be  said  that  they  may  be  considered 
under  one  heading.  The  most  important  is  that  in  which  the 
secretion  or  excretion  is  discharged  through  a  fistula.  Fistulous 
conditions  may  be  due  to  developmental  defects,  as  when  urine 
escapes  at  the  umbilicus  through  a  pervious  urachus  ;  or  they 
may  be  artificially  made  by  the  surgeon,  as,  for  example,  in  the 
operation  of  colotomy  for  intestinal  obstruction,  or  supra-pubic 
puncture  of  the  bladder  for  retention  of  urine.  .But  far  more 
commonly  fistulas  and  fistulous  communications  are  the  result  of 
ulceration,  whether  due  to  action  of  an  irritant  or  occurring  in  a 
malignant  new-growth.  As  the  result  of  ulceration  (and  abscess- 
formation)  a  great  variety  of  conditions  may  be  met  with  ;  gastric 
contents  may  be  passed  directly  into  the  colon,  owing  to  fistulous 
communication  between  these  two  viscera ;  bile  may  be  dis- 
charged from  a  biliary  fistula,  owing  to  adhesion  of  an  inflamed 
gall-bladder  to  the  abdominal  wall,  abscess-formation  in  the 
inflammatory  material  and  discharge  of  the  abscess  outwards ; 
intestinal  contents  may  be  discharged  in  small  quantity  through 
the  abdominal  wall,  owing  to  similar  changes  resulting  from 
appendicitis ;  faeces,  flatus,  or  urine  may  be  passed  by  the  vagina, 
owing  to  ulceration  of  a  carcinoma,  which  starts  in  the  uterus  and 
involves  either  rectum  or  bladder,  and  so  on.  ■  In  the  most 
common  form  of  fistula — fistula  in  ano — though  the  bowel 
communicates  with  the  exterior  by  an  opening  other  than  the 
anus,  intestinal  contents  do  not  escape  by  the  fistula  owing  to  its 
narrow  lumen. 

Under  this  heading,  too,  comes  the  discharge  of  urea  in  sweat 
and  vomit  that  occurs  in  uraemia  :  though  the  amount  is  not 
great,  a  recognisable  quantity  of  urea  may  be  removed  by  these 
paths.  Urea  may  also  be  discharged  by  the  sweat  in  other 
morbid  conditions.  In  acute  rheumatism,  according  to  Harnack, 
about  half  of  the  organic  material  of  the  sweat  is  urea,  and  with 
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profuse  sweating  as  much  as  1  gm.  of  urea  may  be  given  off  m 

this  way  in  an  hour.  ,    ,  ,      ,  • 

In  intestinal  affections,  especially  intestinal  obstruction,  sub- 
stances of  the  indigo  series  (indigo,  indican,  indol,  skatol),  which 
are  normally  -  removed  by  the  bowel,  may  pass  into  the  urine. 
Bosenbach  finds  that  substances  of  this  group  are  present  m  the 
m-ine  in  three  classes  of  case :  («)  in  severe  intestinal  affections, 
or  immobility  of  the  intestine  from  any  cause,  or  when  the  power 
of  intestinal  absorption  is  deficient ;  (6)  in  very  severe  diarrhoea 
from  whatever  cause  ;  (c)  in  the  cachectic  termmal  stages  ot 
chronic  diseases,  e.g.  pulmonary  tuberculosis  and  carcmoma. 
There  is  no  doubt  that  the  substances  in  question  are  produced  m 
the  mtestine  bv  the  action  of  bacteria  on  proteid.  Nevertheless 
it  is  possible  that  they  may  have  other  sources  at  times,  tor 
Harnack  and  von  der  Leyen  found  marked  mdicanuria  m  a  case 
of  severe  but  not  fatal  poisoning  with  oxalic  acid,  and  produced  a 
similar  condition  in  dogs  by  subcutaneous  injection  o  very  small 
doses  of  oxahc  acid.    In  the  latter  cases  the  animals  remamed 
perfectly  healthy,  and  m  particular  their  intestinal  functions 

underwent  no  change.  .       •,  •  i      <   •    „;^,-,c, ' 

Lastly,  we  have  those  doubtful  cases  m  which  a  vicarious 
discharge  is  said  to  occur.  Most  of  these  are  connected  with 
menstruation,  and  a  periodic  discharge  of  blood  rom  the  nose, 
hmgs  bowel  &c.  is  said  to  take  the  place  of  normal  menstruation. 
These  cases  of  'vicarious  menstruation'  almost  always  occur  m 
hysterical  individuals,  and  are  open  to  criticism;  but  m  a  few,  a 
traly  vicarious  tiow  of  blood  may  apparently  occur.  Of  course,  m 
a  strict  sense,  excessive  secretion  of  sweat  may  be  called  a  vicari- 
ous '  secretion  of  urine,  especially  if  the  sweat,  as  m  uremia, 
contam  urea ;  but  cases  such  as  these  are  not  understood  under 
the  name. 

YI  Morbid  Conditions  in  which  the  Secretions  or  Excretions 
contain  Substances  not  normally  present  in  the  Body. -The 
morbid  conditions  which  are  to  be  mcluded  under  th- heading 
are  varied  and  important.    They  include  all  forms  of  infective 
disease  in  which  bacteria  or  their  toxins  are  ehmmated  by  the 
urine  or  other  secretion,  all  forms  of  poisonmg  by  ^rugs-and 
even  morbid  conditions  in  which  drugs  are  given  with  a  therapeutic 
obiect  where  the  drug  is  found  in  the  secretions  or  excretions- 
all  forms  of  disease  caused  by  parasites  m  which  the  parasite  is 
found  in  intestinal  evacuations  or  urine.    It  is  impossible  to 
discuss  these  conditions  here,  and  it  is  unnecessary,  since  they  are 
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considered  fully  in  clinical  treatises.  But  it  may  be  pointed  out 
that,  though  the  abnormal  substance  is  generally  to  be  looked  for 
in  the  urine,  other  secretions  and  excretions  are  not  exempt.  Thus 
typhoid  bacilh  are  often  to  be  found  in  the  bile  (Chiari),  sputum 
(Jehle),  and  urine  (Horton  Smith),  as  well  as— though  with 
difficulty— in  the  stools  ;  anthrax  bacilli  may  be  found  in  the 
stools,  but  often  also  in  the  urine. 

In  almost  all  cases  presence  of  a  given  micro-organism  in 
several  secretions  or  excretions  implies  that  the  micro-organism 
has  gained  access  to  the  blood,  but  it  must  be  remembered  that 
there  may  be  multiple  seats  of  local  infection.  Thus,  when  a 
patient  with  gonorrhoea  infects  his  conjunctiva,  the  urine  and 
conjunctival  fluid  both  contain  gonococci,  and  when  a  patient  with 
tuberculosis  of  some  part  of  the  genito-urinary  tract  also  suffers 
from  pulmonary  tuberculosis,  his  urine,  semen,  expectoration, 
contain,  or  may  contain,  tubercle  bacilh;  but  in  the  second  of 
these  examples  there  is  not  necessarily  haemal  infection,  and  in 
the  first  it  is  expressly  excluded. 

When,  in  infective  disease,  micro-organisms  are  found  in  the 
urine,  it  is  not  certain  whether  they  have  been  actively  excreted 
by  the  uninjured  kidney,  or  whether  they  have  merely  escaped 
through  a  damaged  renal  epithelium.    It  is,  of  course,  impossible 
to  compare  micro-organisms  with  the  solids  of  urine,  since  these 
are  secreted  in  solution  and  for  the  most  part  remain  in  solution ; 
and  even  when  crystalline  uric  acid  and  calcium  oxalate  are  found 
in  the  urine  the  crystals  have  been  formed  on  the  distal  side  of 
the  renal  epithelium.    Numerous  investigators  found  that  when 
the  blood  is  teeming  with  micro-organisms,  there  may  not  be  the 
slightest  transit  of  them  into  the  urine  ;  moreover,  they  may 
appear  in  the  urine  though  no  blood  escapes  by  the  kidney. 
Nevertheless,  in  the  latter  case  the  kidney  is  probably  not  normal, 
and  the  lapse  of  time  between  injection  of  bacteria  into  the  blood 
and  their  appearance  in  the  urine,  suggests  that  the  membrane 
through  which  the  bacteria  pass,  has  been  modified  by  the  action 
of  toxin.    Biedl  and  Eraus,  on  the  other  hand,  after  making 
cultivations  of  the  urine  as  it  passed  from  the  ureters,  came  to  the 
conclusion  that  *  micro-organisms  circulating  in  the  blood  can  be. 
excreted  through  the  completely  intact  kidney  by  its  physiological 
action.'    They  found,  after  intra-venous  injection  of  3-5  c.c.  of  a 
broth  culture  of  Staph,  pyogenes  aureus,  that  the  micro-organisms 
appeared  in  the  urine  after  the  lapse  of  from  twelve  to  seventy- 
five  minutes  in  dogs,  much  earlier  in  rabbits.    They  base  their 
conclusions  on  the  normality  of  the  urine  in  other  respects,  on  the 
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normal  macroscopic  and  microscopic  appearance  of  the  kidney,  on 
the  fact  that  excretion  of  micro-organisms  in  these  cases  varies  in 
rate  from  time  to  time,  but  is  furthered  by  intra-venous  injection 
of  a  diuretic  (glucose),  and  on  the  assumption  that,  in  many  cases, 
so  short  a  time  (five  minutes)  elapsed  between  introduction  of 
micro-organisms  into  the  blood  and  their  escape  by  the  kidney, 
that  destructive  action  of  toxins  and  fever  may  be  excluded.  The 
most  recent  investigations  upon  the  subject,  however,  as  in  the 
analogous  cases  of  passage  of  bacteria  through  the  intestinal  wall, 
the  excretion  of  bacteria  in  bile,  and  the  passage  of  bacteria  from 
mother  to  foetus  through  the  placenta,  agree  in  indicating  that  an 
actual  injury  of  the  blood-vessels  has  been  produced  though  it  may 
not  have  amounted  to  rupture,  and  though  it  may  be  unrecognised 
on  microscopic  examination. 

A  condition  is  known,  which  is  variously  termed  '  bacteriuria ' 
or  '  bacilluria,'  in  which  the  urine  is  turbid  from  the  presence  of 
enormous  numbers  of  bacteria.  This  condition  is  quite  inde- 
pendent of  cystitis,  and  its  explanation  is  not  certain.  Horton 
Smith  has  described  such  a  condition  in  typhoid  fever,  in  which 
the  bacilh  were  B.  typhosus,  but  in  the  large  majority  of  these 
somewhat  rare  cases  the  turbidity  of  the  urine  is  caused  by 
B.  coll  commimis.  B.  lactis  aerogenes  has  also  been  found  in 
bacteriuria  (Goldberg).  It  is  probable  from  the  researches  of 
Faltin  that  the  bacilh  in  the  urine  in  bacilluria  are  not  derived 
from  the  kidneys,  but  rather  from  the  lower  intestine  by  way  of 
the  lymphatics  that  pass  between  rectum  and  bladder,  and  that  a 
lesion  in  both  of  these  parts  is  necessary. 

Klein  found  diphtheria  bacilli  in  the  milk  of  cows  that  had 
been  inoculated  with  diphtheria  bacilli  over  the  shoulder.  Their 
appearance  in  the  milk  was  preceded  by  the  formation  of  vesicles 
and  ulcers  on  the  udder.  Abbott  was  unable  to  confirm  Klein, 
but  this  is  attributed  by  Klein  to  the  fact  that  Abbott  used 
cultures  of  insufficient  virulence.  Nonewitch  found  B.  tubercu- 
losis in  the  milk  of  three  out  of  six  tuberculous  women  who  were' 
suckling,  and  in  the  milk  of  a  large  number  of  cows.  With 
regard  to  the  latter  observation,  it  is  now  well  recognised  that  the 
milk  of  tuberculous  cows  is  liable  to  contain  B.  tuberculosis, 
frequently  in  very  large  numbers.  Brunner  found  after  injection 
of  B.  anthracis  or  B.  prodigiosus  into  the  blood,  that  if  he  stimu- 
lated the  nerves,  these  micro-organisms  were  excreted  by  the 
sweat. 

Some  poisons  are  excreted  by  special  paths :  to  this  point 
passing  allusion  has  already  been  made.     Thus,  pilocarpine  is 
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excreted  with  the  sweat,  phosphorus  and  toluylenediamin  with 
the  bile,  mercury  (perhaps)  by  the  glands  of  the  large  intestine, 
carbolic  acid  and  its  allies  with  the  urine,  iodine  with  the  urine, 
saliva,  and  bronchial  secretions,  bile-salts  with  the  urine  and 
(perhaps)  with  the  saliva. 

Beference  has  already  been  made  to  the  importance  of  putre- 
factive changes  occurring  in  the  urine  while  still  within  the 
body.  Morbid  conditions  dependent  upon  this  cause  obviously 
come  into  the  present  section. 

When  urine  is  allowed  to  stand,  it  becomes  cloudy  from  the 
growth  in  it  of  various  micro-organisms,  the  most  important  of 
which,  from  our  point  of  view,  is  Micrococcus  urecE,  a  micro- 
organism which  has  the  specific  property  of  leading  to  the 
hydration  of  urea  and  its  conversion  into  ammonium  carbonate. 
With  this  change  the  urine  becomes  '  ammoniacal,'  and  gives 
off  gaseous  ammonia  ;  at  the  same  time,  of  course,  its  reaction 
changes  from  acid  to  alkaline.  Conditions  such  as  warmth, 
presence  of  albumin  or  mucus  &c.  favour  growth  of  this 
micro-organism,  as  they  do  growth  of  most  other  micro- 
organisms. 

The  altered  reaction  of  the  urine  leads  to  the  deposition  of 
calcium  phosphate,  since  phosphates  are  insoluble  in  alkaline 
fluids.  In  these  cases  the  calcium  phosphate  is  always  precipi- 
tated in  an  amorphous  form,  and  it  constitutes  a  part  of  the  white 
crust  that  is  seen  upon  calculi  and  other  objects  when  they  have 
remained  for  some  time  in  a  bladder  which  is  the  seat  of  cystitis, 
and  which  contains  ammoniacal  urine.  The  presence  of  am- 
monium carbonate  in  urine,  along  with  magnesium  phosphate, 
leads  to  the  deposition  of  characteristic  crystals  of  ammonio- 
magnesium  phosphate. 

VII.  Morbid  Conditions  of  known  or  suspected  dependence 
upon  Alterations  in  Internal  Secretions. — We  have  already 
discussed  certain  conditions  which  might  with  justice  be  con- 
sidered under  this  heading  (diabetes,  uraemia),  but  in  them  there 
was  some  modification  of  urine  so  marked  as  to  attract  especial 
attention.  In  the  present  class  we  shall  have  to  consider  morbid 
conditions  in  which  urine,  faeces  &c.  are  practically  unaltered, 
and  in  which  the  changes  induced  by  alteration  of  the  internal 
secretion  are  manifested  in  other  ways.  The  '  glands '  with 
which  we  are  here  concerned  are :  (i)  the  thyroid  body,  (ii)  the 
supra-renal  bodies,  (iii)  the  pituitary  body,  all  of  which  agree  m 
the  fact  that  they  are  '  ductless,'  and  possess  no  external  secre- 
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tion;  in  addition,  a  word  must  be  said  concerning  (iv)  the 

sex-glands.  .    t       ,  ±u 

(i)  The  Thyroid  Body.— It  is  now  fully  recognised  that  ttie 
thyroid  body  possesses  an  internal  secretion,  and  that  the  morbid 
conditions  known  as  '  cretinism  '  and  '  myxoedema '  depend  upon 
atrophy  of  the  thyroid  and  absence  of  its  secretion.  On  the 
other  hand— though  there  is  not  unanimity  upon  this  point- 
many  authorities  beheve  that  the  symptoms  of  exophthalmic 
goitre,  a  disease  in  which  the  thyroid  body  is  enlarged,  are  due  to 
an  excessive  formation  of  the  special  internal  secretion, 

(a)  Cretinism  and  Mijxoedema. —Cvetmism  is  a  mental  and 
physical  deformity  associated  with  alteration  of  the  thyroid  body, 
which  occurs  in  children  of  goitrous  parents,  and  which  is  there- 
fore principally  seen  in  regions  where  goitre  is  endemic.  In 
goitre,  as  in  crstinism,  the  thyroid  body  is  diseased,  for  m  both 
conditions  it  is  either  fibrotic  or  cystic  or  both.    But  whereas  m 
goitre  the  gland  is  always  enlarged,  and  often  to  an  enormous 
extent,  in  cretinism,  though  it  may  indeed  be  enlarged,  this  is 
rarely  the  case,  in  most  cretins  the  gland  being  either  atrophied 
or  unaltered  in  size.    Cretinism  does  not  especially  affect  either 
sex  •  It  is  a  congenital  condition,  or,  at  all  events,  it  manifests 
itself  at  a  very  early  age.    In  myxcBdema  we  have  a  cretinoid 
condition,  though  it  is  not  apparently  connected  m  any  way  with 
goitre  in  the  parents.    The  disease  usually  affects  adult  women,  but 
men  are  not  exempt.    The  myxoedematous  patient  is  '  unwieldy 
m  mind  and  in  body.'     Her  features  are  changed,  becommg 
broad,  flattened,  and  expressionless,  the  al^  nasi  and  hps  are 
thickened,  speech  is  slow,  and  articulation  (partly  from  mcrease 
m  size  of  the  tongue  and  hps)  is  bad ;  the  hands  become  broad 
and  spade-like,  the  mental  condition  changes  to  one  of  placid 
indifference-  the  skin  over  the  whole  body,  but  especially  that 
of  the  face,  becomes  loose,  flabby,  coarse,  and  appears  oedematous  ; 
the  hair  falls  out ;  temperature  is  sub-normal,  and  the  patient 

complains  of  chilliness.  .  .  4.  i 

We  shall  not  discuss  the  pathology  of  cretimsm  separately,  for 
more  work  has  been  done  upon  the  subject  of  myxoedema,  and 
probably  the  pathology  of  the  two  conditions  is  nearly  alike. 

Present  views  as  to  the  pathology  of  myxoedema  really  date 

■  AccordinR  to  Cloustou,  mental  symptoms  in  myxoedema  are  very  varied.  As  a 
rule  there  is  generJloss  of  memory,  diminution  in  attention,  and  dnmnution  m 
ruie,  mere  is  genei.u  woo  in^wmncsP     There  is  never  complete  dementia, 

emotion,  though  the  ^^-^Z:^^rZ^  .nZZ  hallucinations,  illusions, 
but  patients  may  become       ^"''^^^  "/^  'J;/^',,  „,^„i,eal  outbreaks.    Some,  but  not 
and,  especially,  suspicions;  frequently  there  are  mamaoa 
all,  of  the  cases  improve  under  treatment  with  thyroid  extract. 
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from  1856,  when  Schiff  pointed  out  that  complete  removal  of  the 
thyroid  body  in  dogs  is  generally  fatal.  But  it  was  not  until 
1873  that  Gull  drew  attention  to  and  described  myxoedema ;  in 
1878  Ord  reconsidered  and  added  to  our  clinical  knowledge  of  the 
subject;  in  1882-83  Eeverdin  pointed  out  that  cachectic  sym- 
ptoms of  a-  certain  kind  frequently  occur  in  man  after  removal  of 
the  thyroid  for  goitre;  in  1883  Kocher  pubHshed  notes  of  104 
cases  of  goitre  on  which  he  had  operated  :  in  twenty-four  the 
gland  was  completely  removed,  and  in  eighteen  of  these  the 
patient  showed  symptoms  similar  to  those  described  by  Eeverdin, 
viz.  weakness,  coldness,  pains  in  the  arms  and  legs,  thickening  of 
the  skin,  falling  out  of  hair,  weakened  intelligence,  lacrymosity, 
slowness  of  speech — in  a  word,  myxoedema ;  in  1885  Horsley  pro- 
duced myxoedema  in  monkeys  by  removal  of  the  thyroid  body ; 
in  1891  Murray  showed  the  beneficial  effects  in  myxoedema  of 
subcutaneous  injection  of  thyroid  extract. 

All  animals  do  not  react  to  removal  of  the  thyroid  body  in  the 
same  way.  This  is  clearly  shown  by  Horsley's  experiments,  for 
while  in  monkeys,  and  exceptionally  in  cats,  he  obtained  myx- 
oedematous  changes  with  slow  onset,  in  dogs  and  in  the  majority 
of  cats  he  obtained  a  rapid  onset  of  pronounced  symptoms  indi- 
cating extreme  irritation  of  the  nervous  and  muscular  systems 
(tremors,  tetany,  convulsions).  The  following  description  of  the 
symptoms  is  given  by  Lorrain  Smith,  who  worked  principally 
with  cats  and  dogs.  He  found  that  even  in  the  same  species  of 
animal  the  symptoms  vary  considerably.  As  a  rule,  in  the  first 
stage  there  is  muscular  twitching,  which  occurs  only  when  the 
animal  is  stimulated  mechanically,  or  makes  a  voluntary  effort ; 
in  the  second  stage  twitchings  occur  spontaneously  but  inter- 
mittently ;  in  the  third  stage  the  spasms  become  of  larger  size, 
they  increase  in  severity  until  they  resemble  epileptiform  convul 
sions,  the  animal  becomes  dull  and  sluggish,  and  in  such  a  con- 
dition he  dies.  So  long  as  the  symptoms  do  not  extend  beyond 
muscular  twitching,  the  animal  survives  for  some  time,  though 
exacerbations  occur  and  he  progressively  wastes,  but  when  con- 
vulsions have  set  in  the  end  is  near. 

In  man  removal  of  the  thyroid  body  generally  leads  to 
myxoedematous  symptoms,  but  in  some  cases,  as  Mickulicz  and 
von  Eiselsberg  have  pointed  out,  total  extirpation  is  followed  by 
tetany,  or  even  epileptiform  convulsions.  Experiments  upon 
lower  animals  therefore  lead  to  conditions  which  closely  resemble 
those  occurring  in  man  when  the  gland  has  been  removed 
surgically. 
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In  order  to  produce  the  characteristic  symptoms  it  is  necessary 
to  remove  all  thyroideal  tissue,  the  thyroid  body,  the  parathyroids, 
and  any  accessory  thyroids  that  may  be.  present ;  in  many  cases 
(dogs  and  rabbits)  where  symptoms  are  absent  or  ill  defined,  the 
explanation  is  that  parathyroids  have  not  been  removed  with  the 
aland,  but  have  taken  on  its  function  after  its  extirpation.    As  ni 
the  case  of  the  pancreas,  subcutaneous  grafting  of  thyroideal 
tissue  prevents  the  onset  of  symptoms,  or  at  least  prolongs  Hfe. 
Subcutaneous  injections  of  extracts  made  from  thyroids  of  other 
animals,  or  even  feeding  with  thyroids,  often  causes  amehoration 
olr  even 'cure  (Beclere)  of  myxoedema  in  man,  but  in  lower  animals 
this  is  not  so  clearly  the  case.    In  monkeys,  injection  of  thyroid 
extract  does  not  with  certainty  prevent  the  onset  of  specific 
symptoms  after  thyroidectomy;  and  in  dogs,  thyroid-feeding  after 
thyroidectomy  at  most  secures  a  brief  prolongation  of  hfe.  In 
this  connection  it  may  be  mentioned  that  the  good  effects  obtamed 
by  injection  of  thyroid  extract  and  thyroid-feeding  in  myxoedema- 
tous  patients  led  to  great  hopes  that  similar  benefit  would  be 
obtained  in  diabetes  by  similar  treatment  with  pancreas.  These 
hopes  have  not  been  fulfilled,  either  in  diabetic  patients  or  m  dogs 
rendered  diabetic  by  removal  of  the  pancreas. 

It  was  at  first  thought  that  there  is  some  relation  between  the 
thyroid  and  the  spleen,  but  this  has  been  contradicted  (Tizzoni, 
de  Quervain),  and  is  probably  not  the  case.    On  the  other  hand, 
there  is  evidence  that  a  relationship  exists  between  the  thyroid 
and  the  pituitary  bodies.    Bogowicz  found  after  extirpation  of 
the  thyroid  in  rabbits  that  the  pituitary  body  increases  m  size, 
and  his  results  have  been  confirmed  by  Stieda  and  by  Gley.  Gley 
also  found  that  symptoms  fail  to  appear  or  are  trivial,  and  m 
particular  convulsions  are  absent,  if  complete  thyroidectomy  is 
carried  out  by  successive  removal  of  portions  of  the  gland,  so  that 
the  pituitary  body  has  time  to  hypertrophy.    Boyce  and  Beadles, 
too,  described  cases  of  myxoedema  and  sporadic  cretinism  m  which 
hypertrophy  of  the  pituitary  body  co-existed  with  atrophy  of  the 
thyroid :  moreover,  they  pointed  out  that  the  hypertrophy  of  the 
pituitary  body,  which  is  so  commonly  seen  in  acromegaly,  is  often 
associated  with  alteration  of  the  thyroid,  whether  that  body  be 
atrophied,  hypertrophied,  or  cystic. 

Eeference  has  already  been  made  to  the  fact  determined  by 
Lorrain  Smith,  that  animals  from  which  the  thyroid  body  has 
been  removed,  when  exposed  to  variations  of  external  tempera- 
ture, show  that  in  them  the  mechanism  presiding  over  heat-loss 
is  deranged.     We  have  here  no   doubt  the   explanation  of 
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the  chilliness  and  sub-normal  temperature  of  myxoedematous 
patients. 

We  must  now  consider  the  way  in  which  removal  of  the 
thyroid  produces  its  specific  symptoms.  Putting  aside  the  view 
— early  suggested  but  soon  discarded — that  the  symptoms  after 
thyroidectomy  are  due  to  injury  of  nerves,  and  in  particular  of 
the  cervical  sympathetic,  two  theories  have  been  put  forward  to 
explain  the  facts.  The  first  is  that  of  *  auto-toxication,'  according 
to  which  the  symptoms  are  due  to  accumulation  in  the  blood  of 
substances  which,  under  normal  conditions,  are  destroyed  by  the 
thyroid  body.  The  second  is  that  of  '  internal  secretion,'  accord- 
ing to  which  the  symptoms  are  due  to  absence  of  a  substance 
normally  formed  by  the  gland  and  thrown  into  the  blood  either 
directly  or  by  way  of  the  lymphatics.  The  latter  view  is  the  one  at 
the  present  time  generally  adopted,  and  it  has  the  greater  amount 
of  evidence  in  its  support. 

Endeavours  have  been  made  to  isolate  the  active  principle  of 
the  thyroid  internal  secretion,  and  probably  it  lies  in  the  iodine - 
containing  substance  ('  thyroiodin  ')  found  by  Baumann  in  the 
thyroids  of  sheep.  Baumann  found  that  if  the  thyroids  of  sheep 
be  boiled  for  twenty-four  hours  with  10  per  cent,  sulphuric  acid 
the  active  principle  is  not  destroyed,  and  that  the  substance  pre- 
cipitated after  cooling  such  a  decoction  contains  nearly  10  per 
cent,  of  iodine.  Hutchison  corroborated  these  results,  and  showed 
further  that  the  active  principle  and  the  iodine  reside  principally 
in  the  colloid  substance.  Dividing  the- colloid  into  proteid  and 
non-proteid  components,  Hutchison  finds  that  the  iodine  resides 
in  bothj  but  to  a  far  greater  extent  in  the  non-proteid  portion. 
It  seems,  therefore,  that  the  active  principle  is  in  some  way 
connected  with  iodine,  and  it  is  remarkable  in  this  connection 
that  of  the  thyroid  extracts  used  therapeutically  in  myxoedema, 
those  which  have  been  found  efi&cacious  are  exactly  those  which, 
containing  colloid  (Hutchison),  contain  iodine. 

{by  Exophthalmic  Goitre  (Graves's  Disease,  Basedow's  Disease). 
Exophthalmic  goitre,  as  its  name  implies,  is  a  disease  characterised 
by  protrusion  of  the  eyeballs  (exophthalmos)  and  goitre ;  in 
addition  there  is  marked  tachycardia,  the  rate  of  heart-beat  being 
sometimes  120  in  the  minute,  or  more.  Mental  symptoms  are 
also  present,  and  in  some  cases  the  disease  ends  with  acute  mania. 
As  in  every  other  disease  the  symptoms  are  not  always  the  same  : 
sometimes  there  is  little  goitre,  sometimes  exophthalmos  is  absent 
or  but  little  marked,  sometimes  the  psychical  symptoms  are 
shght ;  but  in  most  cases  all  of  these  are  present,  and  it  is  very 
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rare  for  the  rate  of  heart-beat  to  be  normal.  Like  myxoedema, 
the  disease  chiefly  affects  women;  according  to  Kocher  the  ratio 
of  female  cases  to  male  is  as  five  to  one.  Patients  suffermg  from 
this  disease  are  almost  always  much  younger  than  those  suffermg 
from  myxoedema. 

The  pathology  of  exophthalmic  goitre  is  by  no  means  clear. 
At  the  present  time  the  chief  divergence  of  opinion  is  as  to 
whether  the  disease  is  primarily  one  of  the  thyroid  body  (mcludmg 
the  parathyroids),  or  is  primarily  a  disease  of  the  nervous  system, 
of  which  the  th^-oid  change  is  a  result.  In  favour  of  the  primari  y 
nervous  view  are  the  facts  that  exophthalmic  goitre  is  greatly 
dependent  upon  mental  emotions,  especially  fright,  that  it  is  asso- 
ciated with  other  psychical  changes,  that  the  symptoms  may 
largely  be  explained  by  assuming  an  alteration  of  the  vaso-motor 
centre  and  that  often  fibrotic  changes  are  found  m  the  cervical 
sympathetic,  a  nerve  which  has  close  relations  with  the  vaso-motor 
centre.  A  nervous  explanation  is  still  adopted  by  some  authors, 
though  it  has  largely  lost  ground  of  late  years.  ^    ^  -,  . 

On  the  other  hand,  the  primarily  thyroid  view  is  adopted  by 
some  authorities,  partly  because  of  its  a  priori  probabihty  now 
that  the  importance  of  thyroid  internal  secretion  has  been  shown 
in  the  case  of  myxoedema,  and  partly  because  removal  of  a  portion 
of  the  gland-  causes  an  improvement  or  leads  to_  cure  ot 
exophthalmic  goitre ;  according  to  Marie,  this  occurs  m  80  per 
cent,  of  operated  cases.  Against  this  view  is  the  fact  that  feeding 
with  thyroid  and  injection  with  thyroid  extract  do  not  aggravate 
exophthalmic  goitre,  as  this  view  would  lead  us  to  expect.  More- 
over, Sollier  has  shown  that  in  rare  cases  myxoedema  and 
exophthalmic  goitre  may  co-exist  in  the  same  patient,  and  ot 
course  it  is  impossible  to  assume,  if  the  myxoedema  is  due  to 
deficiency  of  thyroid  internal  secretion,  that  the  exophthalmic 
goitre  depends  upon  hyper-secretion. 

Nor  even  among  the  supporters  of  the  two  views  set  forward 
above  is  there  accord.  Some  who  hold  to  the  nervous  explanation 
look  on  the  disease  as  independent  of  organic  nerve  l/sion-m 
other  words,  as  a  neurosis.  Others  regard  it  as  bemg  dependent 
upon  a  definite  lesion :  thus  Mannheim,  from  careful  exammation 
of  severe  and  fatal  cases,  concludes  that  the  disease  is  caused  by 
organic  changes  in  the  medulla  oblongata,  and  others  have  ascribed 
it  to  sclerosis  of  the  sympathetic. 

But  whether  the  thyroid  body  is  primarily  or  secondarily 
affected,  at  the  present  time  the  tendency  is  to  regard  the 
symptoms  of  exophthalmic  goitre  as  being  produced  by  abnormal 
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thyroid  action,  which  leads  to  circulation  in  the  blood  of  some 
toxic  substance  that  affects  the  central  nervous  system,  and  particu- 
larly the  vaso-motor  centre.  With  regard  to  the  ocular  symptom, 
as  Edmunds  points  out,  there  is  evidence  that  thyroid  secretion 
can  produce  exophthalmos,  and  there  is  also  evidence  that  in  the 
monkey  (Sherrington)  it  can  be  produced  by  stimulation  of  the 
cervical  sympathetic. 

With  regard  to  the  question  whether  the  thyroid  body  itself  or 
the  parathyroids  are  essentially  concerned  in  producing  the  disease, 
the  view  of  Gley  is  that  both  are  involved,  but  that  the  parathyroids 
are  attacked  first.  When  the  existence  of  the  parathyroids  was 
first  discovered  they  were  thought  to  be  independent  bodies,  but 
it  is  now  clear  that  this  is  not  the  case.  On  the  contrary, 
Edmunds  and  others  have  shown  that  removal  of  the  parathyroids 
induces  marked  changes  in  the  thyroid  body,  and  Gley  gives 
reasons  for  believing  that  the  accessory  glandules  play  a 
fundamental  part  in  the  production  of  the  proteo-iodine  substance 
by  the  thyroid  itself.  This  view  of  the  pathogeny  of  exophthalmic 
goitre  differs  from  that  of  '  hyperthyroidation.'  Indeed,  a  crude 
view  of  hyperthyroidation  is  well-nigh  disproved  by  the  fact  that 
thyroid-feeding  or  injection  of  thyroid  extract  never  produces  the 
symptoms  constituting  Graves's  disease. 

So  far  as  the  nervous  portion  of  the  disease  is  concerned, 
Edmunds  found  experimentally  that  removal  of  the  thyroid  and 
parathyroids  in  dogs  is  followed  by  marked  chromatolysis  of  the 
Nissl  bodies  in  the  ganglion  cells  of  the  cord. 

Concisely  put,  there  are  at  least  six  different  views  as  to  the 
pathology  of  exophthalmic  goitre  : 

(1)  The  disease  is  a  neurosis,  exophthalmos,  goitre,  cardiac 
symptoms  all  being  dependent  upon  functional  alteration  of  the 
vaso-motor  centre,  and  independent  of  one  another  (Buschau). 

(2)  The  disease  is  due  to  organic  lesion  of  the  nervous  system, 
whether  of  the  sympathetic,  or  of  the  brain,  or  of  the  cord 
(Mannheim) . 

(3)  The  disease  is  primarily  due  to  hypertrophy  of  the  thyroid 
body,  and  excessive  formation  of  a  normal,  or  formation  of  an 
abnormal,  internal  secretion  ;  this  secretion  acts  upon  the  central 
nervous  system,  and  especially  upon  the  vaso-motor  centre. 

(4)  The  disease  is  primarily  one  of  the  central  nervous  system, 
secondarily  one  of  the  thyroid,  and  tertiarily  one  of  the  central 
nervous  system,  owing  to  the  effect  upon  an  abnormal  nervous 
system  of  an  abnormal  thyroid  secretion. 

(5)  The  disease  is  primarily  one  of  the  blood,  secondarily  one 
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of  the  thyroid,  tertiarily  one  of  the  central  nervous  system 
(Eulenberg). 

(6)  The  disease  is  primarily  one  of  the  parathyroids,  which 
induces  changes  in  the  thyroid  proper  and  an  alteration  in  its 
secretion  in  particular,  causing  a  diminution  in  the  amount  of 
iodine  (Gley).  It  is  this  view  which  most  satisfactorily  explains 
the  known  experimental  and  cHnical  facts. 

(ii)  The  Supra-renal  (Adrenal)  Bodies. — In  connection  with 
the  adrenal  bodies  we  have  to  consider  the  disease  first  described 


Fig.  31.— Section  or  Pigmented  Skin  in  Addison's  Disease,    x  400. 

The  pigment  is  entirely  confined  to  the  epidermal  layers,  and  is  most  strongly 
marked  in  the  germinating  layer.    Compare  with  fig.  32. 


by  Addison  in  1855,  and  known  by  his  name.  Addison's  disease 
is  characterised  by  severe  and  progressive  muscular  weakness 
with  anaemia,  by  cardiac  feebleness  and  a  tendency  to  syncope, 
by  nausea  with  retching  and  vomiting,  and  in  many  cases,  though 
not  in  all,  by  a  peculiar  pigmentation  ('bronzing')  of  the.  skin 
in  exposed  parts  and  parts  liable  to  pressure.  It  was  pointed  out 
by  Addison,  and  is  fully  allowed,  that  this  condition  is  associated 
.with  disease  of  the  adrenals. 

s  s 
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We  may  put  on  one  side  the  earlier  work  in  which  the 
adrenals  were  extirpated,  for  the  results  were  conflicting,  though 
in  most  cases  death  rapidly  followed  the  operation.  Brown- 
Sequard,  however,  in  1856,  extirpated  one  or  both  adrenals, 
and  noted  that  the  animals,  in  the  few  hours  elapsing  before  their 
death,  showed  muscular  and  cardiac  weakness,  coma,  and  con- 
vulsions ;  but  these  symptoms  might  readily  follow  any  severe 
operation,  especially  if  accompanied  by  much  loss  of  blood. 


Fig.  32. — Section  of  Pigmented  Skin  fkom  a  Case  of  Eczema 
Seboerhoicum.    X  400. 

In  this  case  the  pigment,  which  is  chietly  hsematogenous,  is  present  not  only 
in  the  deeper  layers  of-  the  epidermis  but  also  in  the  corium  itself.  Cor- 
responding with  the  different  origin  the  distribution  of  the  pigment  is 
different  from  that  in  fig.  31. 

SO  they  are  not  conclusive.  In  1889  Tizzoni  pubhshed  a  long 
series  of  experiments  showing  that  in  rabbits  and  dogs  destruction 
of  the  adrenals  leads  to  death  sooner  or  later ;  but  that  if  death 
is  delayed  for  some  time,  it  is  preceded  by  a  definite  train  of 
symptoms,  which  in  many  points  (pigmentation,  progressive 
weakness,  wasting,  nervous  symptoms,  &c.)  bear  a  marked 
resemblance  to  those  of  Addison's  disease.  After  death  he  found 
alterations  in  the  cerebrum  and  cerebelluui,  spinal  cord,  peripheral 
nerves,  and  pia  mater,  which  were  always  more  marked  in  the 
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grey  matter,  and  which  consisted  in  haemorrhages,  migration  of 
leucocytes,  alteration  of  vessel  walls,  congestion,  and  interference 
with  lymph-circulation.  He  therefore  concluded  that  '  the  supra- 
renals  are,  in  any  case,  to  be  regarded  as  organs  which  are  closely 
bound  up  with  the  nervous  system,  and  this  view  is  confirmed  by 
the  clinical  appearances.' 

The  view  that  there  is  a  close  connection  between  the  adrenals 
and  the  central  nervous  system  is  old  ;  Frey  (1849),  Kolliker  (1854), 
Luschka  (1863),  all  agreed  upon  the  point,  andEayer  (1883)  drew 
attention  to  the  fact,  which  has  received  plentiful  confirmation, 
that  in  acephahc  monsters  the  adrenals  are  completely  wanting 
or  are  badly  developed,  whereas  in  infancy  these  organs  are 
normally  of  relatively  large  size.    Eelying  on  observations  such 
as  these,  some  authors  hold  that  Addison's  disease  is  due  to 
central  nervous  lesions  (functional  or  organic)  secondarily  induced 
by  the  adrenal  changes,  through  the  medium  of  the  abdominal 
sympathetic  nerves  and  ganglia  with  which  these  bodies  are  in 
close  anatomical  connection.    Even  the  pigmentation  has  been 
regarded  as  dependent  upon  nervous  influences,  as  it  certainly  is 
in  many  of  the  lower  animals.    Thus  Eaymond  cites  Milne 
Edwards  and  Bert  (chameleon),  Pouchet  and  Vulpian  (frog),  as 
having  shown  that  cells  charged  with  the  elaboration  of  pigment 
are  definitely  under  the  influence  of  the  nervous  system,  and 
Gaule,  Canini,  Ehrmann,  and  Lode  as  having  actually  observed 
the  termination  of  nerves  in  chromatoblasts.    Eaymond  himself 
considers  that  the  pigmentation  of  Addison's  disease  results  '  from 
a  reflex  act  producing  trophic  change  ;  '  in  other  words,  that  it  is 
one  manifestation  of  a  series  of  trophic  changes  initiated  in  the 
body  by  the  condition  of  the  adrenal  bodies  through  the  medium 
of  the  central  nervous  system. 

But  when  the  existence  of  internal  secretions  was  recognised, 
and  when  the  relationship  between  the  'thyroid  body  and  myx- 
oedema,  the  pancreas  and  diabetes,  was  shown,  a  tendency  arose  to 
seek  an  explanation  of  Addison's  disease  in  a  change  of  the 
blood  induced  by  the  absence,  or  rather  the  disorganisation,  of 
the  adrenals.  Here,  too,  as  in  the  case  of  ■  myxoedenia,  opinions 
differ  as  to  whether  the  condition  depends  upon  auto-toxication  or 
upon  absence  of  a  normal  internal  secretion. 

Abelous  and  Langlois  found  when  animals,  deprived  of  their 
adrenals,  are  caused  to  perform  muscular  work,  that  toxic 
symptoms  readily  arise,  and  they  conclude  that  the  function  of 
these  organs  is  to  destroy  the  toxic  products  of  muscular  and 
nervous  work.    They  found,  moreover,  that  the  blood  of  animals 


628 


MOEBID  SECEETIONS  AND  EXCEETIONS 


from  which  the  adrenals  have  been  removed,  and  which  have 
•been  fatigued,  is  more  toxic  than  the  blood  of  animals  which 
have  been  similarly  fatigued,  but  from  which  the  adrenals  have 
not  been  removed.  These  results  have  been  confirmed  by 
Albanese  and  by  Dubois.  Dubois  found  in  addition  that  the 
toxicity  of  an  extract  of  adrenal  body  is  greater  if  the  animal, 
before  removal  of  the  organ,  has  been  caused  to  undergo  muscular 
exertion.  From  these  experiments  it  has  been  argued  that 
Addison's  disease  is  an  auto-toxication. 

But  there  is  no  doubt  that  an  organic  substance  of  doubtful 
composition,  but  possessed  of  powerful  physiological  action,  can 
be  extracted  from  the  adrenal  bodies.  Oliver  and  Schafer 
obtained  from  the  medullary  portion,  and  from  that  alone,  a 
substance  which  acts  on  muscular  tissue  generally,  but  especially 
on  the  heart  and  blood-vessels.  Intra-venous  injection  of  as 
small  a  quantity  as  one-miUionth  of  the  weight  of  the  dried 
gland  leads  to  an  enormous  though  transient  rise  of  blood-pres- 
sure. When  the  vagi  are  intact,  the  extract,  acting  through  the 
cardio-inhibitory  centre,  slows  the  heart ;  but  when  the  vagi  are 
cut,  it  accelerates  the  heart  by  direct  action.  The  meaning  of 
this  difference  is  obscure.  The  substance  was  supposed  by 
Szymonowicz  and  Cybulski  to  act  by  way  of  the  vaso-motor 
centre ;  but  OHver  and  Schafer  have  shown,  by  the  plethysmo- 
graphic  and  other  methods  after  section  of  the  spinal  cord,  and 
Gottlieb  has  shown,  by  injecting  the  extract  into  animals  under 
the  deepest  chloral  narcosis  (in  which  the  vaso-motor  centre  is 
paralysed),  that  the  substance  acts  directly  upon  the  involuntary 
muscle  of  the  blood-vessels.  Gottlieb  further  found  that  the 
substance  raises  the  activity  of  the  heart,  for  if,  by  continued 
doses  of  chloral,  the  heart  is  affected  to  so  great  an  extent  that  it 
ceases  to  contract,  subsequent  injection  of  extract  of  supra-renal, 
if  aided  by  slight  compression  of  the  thorax,  is  able  to  restore 
spontaneous  cardiac  activity,  even  though  it  have  been  in 
abeyance  for  one  minute.  Oliver  and  Schafer  conclude  that  the 
adrenals  elaborate  and  throw  into  the  blood  a  substance  ^  which 
assists  in  keeping  up  vascular  tone.  Langley  has  pointed  out 
that  supra-renal  extract  has  a  special  action  on  non-striated  muscle 
throughout  the  body,  though' it  produces  different  effects  in  different 

'  The  view  that  the  adrenals  take  something  from  the  hloocl,  elaborate  it,  and 
return  it  to  the  blood,  is  not  new.  It  was  put  forward  by  Nagel  in  1836  and  Ecker  in 
1846,  and  though  neither  the  existence  of  Addison's  disease  nor  its  connection  with 
the  adrenals,  had  at  that  time  been  suspected,  the  view  taken  by  these  earlier  writers 
was  essentially  that  these  organs  normally  produce  what  we  now  speak  of  as  '  an 
internal  secretion.' 
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regions.  In  some  cases  it  causes  contraction,  in  some  its  action 
is  inhibitory,  and  in  a  few  cases  it  appears  to  have  Uttle  or  no 
action.  Langley  further  shows  that  the  effects  of  the  extract  are 
almost  all  such  as  are  produced  by  stimulating  some  one  or  other 
sympathetic  nerve,  and  that  in  many  instances  the  action  of  the 
extract  and  of  electrical  stimulation  is  identical.  He  suggests 
that  the  active  substance  has  a  definitely  specific  action  upon 
sympathetic  nerve  endings. 

But  though  the  adrenal  bodies  have  an  internal  secretion,  as 
these  experiments  prove  beyond  doubt,  it  is  not  certain  that  this 
is  their  only  function.  The  experiments  upon  which  those 
authors  rely  who  maintain  the  auto-toxication  view,  seem  very 
definite,  so  that  even  if  we  discard  the  older  view,  which  regards 
the  adrenals  as  intimately  connected  with  the  central  nervous 
system,  it  is  not  clear  whether  we  must  consider  Addison's 
disease  as  dependent  upon  auto-toxication  or  upon  absence  of 
adrenal  internal  secretion.  It  is  by  no  means  certain,  however, 
that  we  are  justified  in  entirely  discarding  a  belief  in  the  close 
connection  of  adrenals  with  the  central  nervous  system.  For  it 
is  in  the  highest  degree  significant  that  where  the  adrenals  are 
absent  or  insufficiently  developed,  there  is  almost  always  incom- 
plete formation  or  defect  of  the  brain,  that  in  anencephalia  the 
adrenals  are  completely  wanting  or  badly  developed,  and  that 
the  only  regions  in  the  body  where  lecithin  is  constantly  present 
in  large  amounts  are  the  brain  and  adrenal  bodies. 

In  the  great  majority  of  cases  the  actual  change  of  the 
adrenals  which  is  found  in  Addison's  disease  is  a  caseous 
tuberculosis.  New-growths  of  the  adrenals  are  known,  but  it  is 
decidedly  rare  for  them  to  be  associated  with  such  a  collection  of 
symptoms  as  constitutes  'Addison's  disease.'  In  particular, 
bronzing  is  generally  wanting.  Bearing  these  facts  in  mind, 
Vecchi  experimentally  inoculated  rabbits  in  the  adrenals  with 
cultures  of  B.  tuberculosis.  Although  he  obtained  a  condition 
resembling  Addison's  disease  in  many  respects,  he  failed  to 
obtain  pigmentary  or  epithelial  changes.  He  suggests  that 
tuberculosis  plays  a  fundamental  part  in  producing  the  disease,  and 
points  out  that  in  cases  where  there  is  atrophy  or  absence  of  the 
adrenals,  bronzing  always  occurs  when  this  arrest  of  develop- 
ment is  associated  with  tuberculosis  of  other  viscera. 

(iii)  The  Pituitary  Body.— In  connection  with  the  pituitary 
body  we  have  to  consider  the  disease  described  by  Marie  and 
Souza-Leite  in  1885  under  the  name  of  acromegaly.  Acromegaly 
is  chiefly  characterised  by  an  increase  in  size  of  the  bones  of  the 
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hands,  feet,  and  face.  In  the  face  the  lower  jaw  is  principally 
affected,  with  the  result  that  the  face  becomes  elongated  and  pon- 
derous. The  lips  become  thick,  the  skin  hypertrophied,  the  hair 
coarse,  but  the  general  appearance  of  the  patient  is  different  from 
that  in  myxoedema,  though  mistakes  in  diagnosis  have  been  made. 
The  patient  almost  always  complains  of  headache,  he  perspires 
profusely,  is  lethargic,  and  speaks  thickly.  Sometimes  he 
becomes  blind,  but  intelligence  and  memory  are,  as  a  rule,  not 
seriously  affected. 

Though  not  many  cases  have  been  described,  it  has  been  found 
that  in  acromegalous  patients  the  pituitary  body  is  always  altered, 
being  either  hypertrophied,  the  seat  of"  new-growth,  or  atrophied 
and  cystic. 

As  to  the  relation  between  the  pituitary  change  and  acro- 
megaly, little  can  be  said.  The  suggestion  has  been  niade  that  the 
disease  depends  upon  some  alteration  of  a  pituitary  internal 
secretion,  but  evidence  for  this  is  very  slight.  Nevertheless,  the 
pituitary  body  apparently  has  an  internal  secretion.  Oliver  and 
Schafer  have  found  that  extract  of  pituitary  body,  when  injected 
into  animals,  produces  symptoms  having  a  general  resemblance 
to  those  produced  by  injection  of  supra-renal  extract.  It  causes 
a  great  rise  of  blood-pressure,  which,  however,  is  produced  more 
slowly,  is  longer  maintained,  and  requires  injection  of  larger 
doses  to  produce  the  same  result  than  is  the  case  after  injection  of 
supra-renal  extract.  Nevertheless,  they  find  that  the  rise  of  blood- 
pressure  caused  by  injection  of  pituitary  extract,  like  that  caused 
by  injection  of  supra-renal  extract,  is  due  to  a  direct  influence 
of  the  active  principle  on  the  muscular  walls  of  the  arterioles.  It 
mucu  De  mentioned,  however,  that  Mairet  and  Bosc,  using  the 
pituitary  body  of  the  ox,  found  that  it  produces  very  sHght  effects, 
whether  on  rabbits,  dogs,  or  man,  and  whether  given  by  sub- 
cutaneous injection  of  an  extract  or  by  feeding. 

We  have  already  referred  to  changes  in  the  pituitary  body 
occurring  along  with  myxoedema  and  experimental  removal  of 
the  thyroid  body  (p.  621).  It  is  only  necessary  here  to  add  that 
in  acromegaly  the  thyroid  body  is  often  found  to  be  the  seat  of 
change  (hypertrophy,  atrophy,  cysts).  Whether  these  two  organs 
are  accessory  to  one  another,  it  is  impossible  to  say  with  cer- 
tainty; but  it  does  not  seem  improbable,  from  the  evidence  before 
us,  that  this  is  the  case.  Nevertheless,  Oliver  and  Schafer  pro- 
nounce against  this  view,  because  they  find  that  thyroid  extract 
and  pituitary  extract  have  diametrically  opposite  physiological 
actions. 


THE  SEX-GLANDS 


631 


(iv)  The  Sex-g-lands.  —Upon  this  subject  not  much  need  be 
said,  but  the  sex-giands  must  not  be  passed  over  in  silence. 

It  is  well  known  how  profound  a  change  may  be  produced  on 
the  body  generally  by  removal  of  testes  or  ovaries.  The  eunuch, 
with  his  beardless  face,  his  small  larynx  and  shrill  voice,  his 
enormous  deposit  of  fat  over  the  abdomen,  his  alteration  of 
character,  shows  in  man  the  effects  of  removal  of  the  testes  in 
childhood.  The  differences  in  character,  strength,  and  size 
between  the  stallion  and  gelding,  the  bull  and  ox,  the  ram  and 
wether,  the  cock  and  capon,  the  castrated  and  the  normal  domes- 
tic cat,  are  all  evidences  in  the  same  direction.  In  women,  the 
alteration  of  character,  the  growth  of  hair  on  the  chin  and  upper 
lip  that  often  supervene  at  the  climacteric,  the  masculinity  of 
appearance  and  of  character  that  often  follows  ovariotomy,  or  is 
seen  in  women  with  deficient  development  of  the  sex-organs,  show 
the  importance  of  the  ovaries  to  the  female  economy.  So,  too, 
the  marvellous  change  in  appearance  that  sometimes  occurs  in  the 
hen  golden  pheasant  (and  other  hen  birds),  when,  after  a  moult, 
she  adopts  the  plumage  of  the  cock  bird,  and  even  his  note,  is 
always  associated  with  an  atrophic  or  otherwise  diseased  condition 
of  the  ovaries  (Bland  Sutton) . 

Phenomena  of  this  nature  are  unmistakable  enough,  but  the 
way  in  which  the  glands  exercise  their  normal  influence  is  obscure. 
It  is  not  known  whether  they  act  reflexly  on  the  nervous  system 
or  by  virtue  of  an  internal  secretion.  Brown-Sequard,  to  whom, 
above  all,  we  owe  the  doctrine  of  internal  secretions,  held  the 
latter  view,  and  asserted  that  in  himself  and  in  others  he  had 
observed  the  greatest  benefit  in  old  age  and  other  senile  conditions 
from  injection  of  testicular  extract.  But  it  is  difficult  in  these 
cases  to  exclude  the  possibility  that  the  benefit  derived  was  due  to 
aiito-suggestion  or  suggestion,  f^nd  yet  it  does  not  seem  un- 
reasonable, now  that  we  have  learned  the  importance  of  the 
pancreas,  the  thyroid,  the  adrenals,  and  possibly  the  pituitary 
body  and  the  kidneys,  to  expect  that  the  sex-glands  also  possess 
an  internal  secretion  ;  the  more  so  since  we  have  ample  evidence 
that  absence  of  these  organs  leads  to  profound  changes  of  mind 
and  body. 

The  question  has  been,  to  some  extent,  attacked  from  the  ex- 
perimental side.  Dixon  has  investigated  the  effects  of  orchitic 
extracts,  and  finds  that  from  fresh  testis  there  may  be  obtained  a 
nucleo-proteid  which  produces  a  fall  of  blood-pressure  with  a 
lengthened  latent  period.  This  fall  is  due  chiefly  to  cardiac  inhi- 
bition from  special  action  of  the  extract  on  the  vagus  centres. 
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With  doses  sufficiently  large  to  produce  the  fall  of  blood-pressure, 
there  occurs  a  complete  but  temporary  arrest  of  all  respiratory 
movements  ;  smaller  doses  quicken  respiration.  Dixon  also  noted 
a  prolonged  hypoleucocytosis  followed  by  a  hyperleucocytosis,  both 
conditions  affecting  the  finely  granular  oxyphil  cells,  and  the 
leucopenia  being  principally  due  to  altered  distribution  of  the 
leucocytes. 

Liithje  castrated  dogs  and  bitches  before  or  after  puberty,  and 
investigated  the  metabolism  with  regard  to  the  question  of  deposi- 
tion of  fat.  His  observations  were  carried  out  with  great  care,  and 
lasted  up  to  two  years,  but  did  not  show  any  noteworthy  differences 
between  the  normal  and  the  castrated  animals.  He  considers  that 
the  obesity  seen,  at  times,  after  castration,  or  in  women  after  the 
climacteric,  is  due  to  indirect  causes  of  which  greater  mental 
placidity  and  diminished  energy  are  the  most  important. 

Other  organs,  such  as  spleen  (c/.  Laudenbach)  and  sahvary 
glands  (Oliver  and  Schafer),  have  been  removed  experimentally 
without  the  sequence  of  any  ill  effects  attributable  to  their 
absence.  It  cannot,  however,  be  argued  from  these  experiments 
that  the  organs  in  question  do  not  possess  an  internal  secretion, 
for  many  other  tissues  are  present  in  the  body  which  can,  more 
or  less  fully,  take  on  their  functions  in  their  absence.  It  can, 
however,  be  said  that  the  salivary  glands  and  spleen  do  not 
possess  specific  internal  secretions.  To  the  presence  in  the  spleen 
and  other  organs  of  a  special  proteolytic  enzyme  reference  has 
already  been  made  (p.  274). 
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CHAPTEE  XIV 
THE  PATHOLOGY  OF  BESPIBATION 


Synopsis 


I.  Effects  of   Changes    in    the  Air- 

passages. 

(i)  The    Mouth,     Nose,  and 

Pharynx. 

(ii)  The  Larynx  and  Trachea. 

Coughing  and  Sneezing, 
and  their  Pathological 
Efiects. 

(iii)  The  Bronchi. 

(a)  Bronchitis. 

(b)  Asthma. 

(iv)  The  Pulmonary  Alveoli. 

(a)  Emphysema. 

(b)  Obliteration  of  Alve- 

olar Cavity  from 
within. 

(c)  Collapse  of  Lung. 

(v)  The    Pleurse    and  Pleural 
Cavities. 

A.  The  Pleurae. 

B.  The  Pleural  Cavities. 

(1)  Pleural  Effusion. 

(2)  Pneumothorax. 

(3)  Absorption  from  Pleural 

Cavity. 

II.  Effects  of  Changes  in  Eespiratory 

Movements. 

(i)  Changes  in  Skeleton. 


II. 


III. 


IV. 


VI. 


Effects  of  Changes  in  Eespiratory 
Movements. 

(ii)  Changes  in  Musculature. 

Effects  of  Circulatory  Disorders. 

(i)  Cardiac  Dyspnoea. 

(ii)  Eenal  Dyspnoea. 

(iii)  Heat  Dyspnoea. 

Effects  of  Morbid  Conditions  of  the 
Blood. 

Effects   of    Abnormality   of  the 
Eespired  Air. 

(i)  Deficiency  of  Oxygen. 

(a)  Mountain  Sickness. 
(&)  Poisoning  with  Car- 
bon Monoxide. 

(ii)  Increase  of  Carbon  Dioxide. 

(iii)  Presence      of  Abnormal 

Gaseous  Constituents. 
Inhalation  of  Chloro- 
form and  Ether. 

Asphyxia,  Dyspnoea,  and  Ortho- 
pncea. 


VII.    Cheyne-Stokes  Eespiration. 


The  pathology  of  respiration  is  extremely  complicated,  for 
respiration  is  partly  involuntary,  partly  voluntary,  and  is  not 
only  assimilative  like  the  digestive  process,  but  also  excretory 
like  the  renal  function.  It  is  a  process  whereby  the  blood  gains 
oxygen,  and  loses  carbonic  acid  and  water ;  it  is  a  powerful 
factor  in  connection  with  the  circulation — now  an  assistance, 
now  a  hindrance ;  it  is  one  of  the  most  important  means  of  heat 
regulation.    And  just  as  the  blood  and  heart,  and,  through  them, 
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the  nervous  system  and  nutrition  generally,  are  dependent  upon 
respiration,  so  respiration  in  its  turn  is  dependent  upon  each  and 
all  of  them.  Hence  the  causes  of  disordered  respiration  and  its 
effects  are  widespread. 

Modifications  of  respiration  are  almost  always  attempts, 
whether  successful  or  not,  at  restoring  an  equilibrium.  In  most 
cases  they  aim  at  restoring  a  normal  degree  of  gas-exchange,  but 
sometimes  at  restoring  the  normal  body  temperature. 

The  actual  means  whereby  this  equilibrium  is  brought  about, 
and  the  particular  form  of  altered  respiration  adopted,  vary  con- 
siderably in  different  cases,  for  the  means  whereby  the  same  end 
can  be  attained  are  manifold.  This  is  equally  true  in  health 
and  in  disease.  The  healthy  man  undergoing  bodily  exercise 
increases  his  respiration  in  order  to  restore  the  balance  between 
thermogenesis  and  thermolysis.  If  his  abdominal  muscles  are 
unrestrained,  he  breathes  very  largely  by  the  diaphragm  ;  but  if 
descent  of  the  diaphragm  is  restrained,  the  costal  muscles  take 
up  its  work  and  carry  it  out.  The  typhoid  patient  increases  his 
respiration  also,  and,  in  part,  for  the  same  object ;  but  whereas 
with  the  initial  rise  of  temperature,  when  his  respiratory  muscles 
are  comparatively  normal,  his  respiration  is  slightly  increased  in 
rate  and  considerably  deepened,  as  the  disease  goes  on,  and  his 
respiratory  muscles  become  enfeebled,  the  rate  of  respiration 
increases  still  further,  but  the  depth  of  individual  respirations 
diminishes. 

Abnormalities  of  respiration  may  concern  rate  or  depth  of 
complete  respirations,  the  relative  durations  of  inspiration  and 
expiration,  or  respiratory  rhythm.  Though  we  shall  have  to 
consider  all  of  these  conditions,  it  would  not  be  convenient  to 
discuss  the  pathology  of  respiration  under  these  headings.  A 
more  convenient  coarse  is  to  consider  them,  as  far  as  possible, 
according  to  the  factor  which  is  primarily  responsible  for  their 
occurrence.  Since,  therefore,  normal  respiration  is  dependent 
upon  the  condition  of  (1)  the  lungs  and  air-passages,  (2)  the 
respiratory  movements,  (3)  the  heart  and  circulation,  (4)  the 
blood,  and  (5)  the  characters  of  the  air  breathed,  we,  shall  con- 
sider the  effects  of  changes  in  these  factors  upon  respiration. 

I.  Effects  of  Chang-es  in  the  Air-passag-es  upon  Respiration, 
(i)  The  Mouth,  Nose,  and  Pharynx.— Owing  to  the  fact  that  air 
can  reach  the  pharnyx  by  either  nostril,  or  by  the  mouth,  in 
sufficient  quantity  for  normal  respiration,  morbid  conditions  of 
the  mouth  and  nose  are  of  relatively  small  importance  in  the 
pathology  of  respiration.    It  is  true  that  when  the  posterior 
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nares  are  blocked  by  adenoid  growths,  or  when  similar  conditions 
involving  the  nose  obtain,  the  breathing  assumes  special  charac- 
ters, being  carried  on  solely  by  the  mouth,  and  in  particular 
being  accompanied  by  '  nasal '  phonation  and  by  snoring  at  night. 
But  these  respiratory  modifications,  though  of  much  diagnostic 
significance,  are  not,  as  a  rule,  of  direct  pathological  importance. 
Nevertheless,  the  fact  that  in  cases  of  this  description  air  can 
only  enter  by  the  mouth,  may  become  of  extreme  importance 
from  an  ahmentary  point  of  view.  This  is  especially  the  case 
where  it  is  necessary  that  food  should  bo  taken  often,  as,  for 
example,  in  infants  and  sick  persons.  Then,  the  constant  open- 
ing of  the  mouth  necessary  for  respiration  may  be  very  serious, 
and  in  the  case  of  infants  at  the  breast  it  may  lead  to  severe 
mal-nutrition  and  exhaustion  from  want  of  food. 

Pharyngeal  conditions  only  lead  to  disorders  of  respiration  by 
way  of  stenosis,  and  then  the  obstructing  body  must  be  very 
large,  owing  to  the  large  size  of  the  pharynx.  Apart  from  acci- 
dental lodgment  of  such  substances  as  masses  of  food,  &c.,  the 
important  causes  of  pharyngeal  stenosis  are  bilateral  enlargement 
of  the  tonsils,  quinsy,  and  aneurysm  of  the  internal  carotid.  The 
modification  in  respiration  produced  by  such  causes  as  these,  is 
identical  with  that  which  occurs  with  stenosis  of  the  larynx  or 
trachea,  and  therefore  will  not  be  separately  discussed. 

Secondarily,  morbid  conditions  of  the  mouth,  nose,  and 
pharynx  may  be  of  importance  in  the  pathology  of  respiration, 
by  leading  to  pulmonary  disease ;  but,  as  a  rule,  this  only  occurs 
when  for  some  reason  the  sensibility  of  the  larynx  or  trachea  has 
been  lowered  or  abolished  (as,  for  example,  during  administration 
of  ansesthetics),  or  when  laryngeal  muscles  are  paralysed.  Under 
either  of  these  conditions  the  cough-reflex  is  defective. 

(ii)  The  Larynx  and  Trachea. — At  the  larynx  the  air-passages 
begin  to  have  a  great  importance  in  the  pathology  of  respiration. 
For  not  only  is  there  no  alternative  path  for  the  respired  air,  but 
also  the  glottis  itself  is  the  narrowest  point  between  the  lips  and 
the  bifurcation  of  the  trachea.  Associated  with  this  anatomical 
characteristic  it  is  found  that  the  glottis  is  exquisitely  sensitive, 
and  that '  from  it,  coughing,  as  a  reflex  act,  may  be  more  readily 
set  up  than  from  any  other  part  of  the  whole  respiratory  tract, 
though  the  mucous  membrane  of  the  trachea  and  bronchi  is 
highly  sensitive  also.  The  act  of  coughing  is  so  important,  both 
for  good  and  for  ill,  in  the  pathology  of  respiration,  that  it  must 
at  once  receive  special  attention.  At  the  same  time,  sneezing 
may  also  be  considered. 
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Coughing  and  Sneezing. — Coughing  and  sneezing  are  essen- 
tially defensive  mechanisms,  and  are  no  doubt  primarily  directed 
towards  the  removal  of  any  substance  which  irritates  the  mucous 
membrane  of  the  respiratory  tract.  Both  are  reflex  acts,  but 
coughing  may  be  carried  out  voluntarily. 

Sneezing  occurs  when  the  mucous  membrane  of  the  nose  is 
the  seat  of  irritation,  the  afferent  fibres  especially  concerned  in 
the  act  being  those  of  the  olfactory  branch  of  the  fifth  nerve. 
Nevertheless,  sneezing  may  be  induced  by  impulses  which  appa- 
rently pass  upwards  by  other  nerves,  for  many  persons  sneeze  on 
coming  suddenly  into  a  bright  light,  or  on  exposure  of  the  body 
to  cold.  The  act  of  sneezing  consists  in  a  deep  inspiration, 
followed  by  a  violent  expiration  in  which  a  blast  of  air  passes  out 
principally  by  the  nose,  but  in  part  also  through  the  half-closed 
mouth. 

Coughing,  as  a  reflex  act,  is  most  readily  induced  by  stimula- 
tion of  the  larynx,  the  under  surface  of  the  epiglottis  and  the 
parts  in  the  neighbourhood,  the  trachea,  or  the  bronchi.  When 
the  offending  substance  is  in  the  neighbourhood  of  the  larynx, 
the  afferent  nerve  concerned  in  the  act  is  the  superior  laryngeal. 
The  act  may  be  induced  reflexly  by  stimulation  of  afferent  nerves 
other  than  those  of  the  respiratory  tract.  Thus  it  often  occurs 
along  with  irritation  of  the  external  auditory  meatus,  where  the 
afferent  nerve  is  perhaps  the  auricular  branch  of  the  vagus,  and 
on  exposure  of  the  body  to  cold.^  The  act  of  coughing  consists 
in  taking  a  deep  inspiration,  then  closing  the  glottis,  and,  when 
the  intrathoracic  pressure  has  been  considerably  raised  by  an 
effort  of  forcible  expiration,  opening  the  glottis  suddenly  ;  the 
pent-up  air  rushes  forth  with  sufficient  violence  to  set  the  vocal 
cords  vibrating. 

The  readiness  with  which  sneezing  and  coughing  are  called 
forth  by  an  offending  substance  varies  much.  Thus,  on  the  one 
hand,  the  nasal  mucous  membrane  of  the  confirmed  snuff-taker 
in  course  of  time  suffers  a  great  diminution  of  sensibility,  and 
such  a  person  rarely  sneezes  when  he  '  takes  snuff.'    So  in  chronic 

'  We  know  very  little  concerning  the  cough  and  sneezing  reflexes,  but  it  does  not 
appear  absolutely  necessary  to  accept  the  statement  commonly  made,  and  followed  in 
the  text,  that  many  diiTerent  nerves  may  carry  up  the  afferent  impulses.  Exposure 
of  the  body  to  cold  air  implies  stimulation  of  the  nasal  and  laryngeal  mucous 
membranes  by  cold  air,  and  irritation  of  the  external  auditory  meatus  leads  to  a 
'  tickling  in  the  throat,'  as  anyone  can  determine  for  himself.  With  regard  to 
sneezing  on  exposure  to  a  bright  light,  it  is  quite  possible  that  the  light  only  acts 
indirectly,  by  causing  a  secretion  of  tears  which  pass  into  the  nose  by  the  lacrymal 
duct,  and  stimulate  the  nasal  mucous  membrane. 
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inflammatory  conditions — e.g.  chronic  bronchitis — where  the 
products  of  inflammation  are  more  or  less  constantly  in  concact 
with  the  bronchial  walls,  sensibility  becomes  dulled,  and  cough 
only  occurs  when  the  offending  substance  has  collected  in  re- 
latively large  quantities.  On  the  other  hand,  in  acute  inflam- 
matory conditions,  both  of  nose  and  of  laryngeal  or  tracheal 
mucous  membrane,  the  hyperaemia  induces  hyper-sensitiveness, 
and  helps  to  account  for  the  constant  sneezing  of  a  commencing 
catarrh,  the  constant  cough  of  laryngitis. 

Patliological  Effects  of  Coughing. — The  effects  of  sneezing  and 
coughing  are  beneficial,  in  so  far  as  they  expel  irritating  substances 
from  the  respiratory  tract.  But,  not  to  mention  the  general 
distress  and  the  loss  of  sleep  that  are  produced  by  incessant 
cough,  the  increase  of  intra-thoracic  pressure,  which  is  an  essential 
factor  in  coughing,  often  leads,  if  cough  be  persistent,  to  serious 
results.  These  may  concern  either  lungs  or  blood-vessels,  owing 
to  the  fact  that  variations  of  intra-thoracic  pressure  bear  upon 
the  lungs  and  the  heart  with  the  great  blood-vessels  attached  to 
it.  Normally,  the  intra-thoracic  pressure  is,  of  course,  negative. 
In  the  dead  body,  the  pressure  is  about  8  mm.  Hg  below  that  of 
the  atmosphere  ;  and  this  may  be  taken  as  the  pressure  obtaining 
at  the  end  of  an  ordinary  expiration.  "With  inspiration,  the  mean 
negative  pressure  is  increased,  becoming  in  man  at  the  end  of  a 
deep  inspiration  equal  to  about  30  mm.  of  Hg  (Stewart).  In 
ordinary  expiration,  muscular  activity  plays  no  part,  but  the  act 
is  simply  due  to  a  recoil  of  the  thoracic  walls  from  the  position 
into  which  they  have  been  brought  by  the  contraction  of  in- 
spiratory muscles,  especially  the  diaphragm.  In  forced  expiration 
the  intra-thoracic  pressure  still  further  approximates  towards  that 
of  the  atmosphere,  and  may  at  times  actually  become  positive. 
This  is  especially  hable  to  be  the  case  in  coughing. 

Circulatory  Changes. — As  regards  the  circulation,  even  the 
variations  of  intra-thoracic  pressure  coincident  with  normal  re- 
spiration have  important  results.  The  mean  negative  pressure 
obtaining  within  the  thorax  tends  to  draw  the  blood  from  parts 
outside  the  thorax  into  the  heart.  Owing  to  the  disposition  of 
valves  and  the  relative  thinness  of  the  walls  of  veins,  this  force 
especially  concerns  the  venous  blood-flow.  Hence  inspiration 
favours  filling  of  the  heart,  increases  the  velocity  of  the  blood- 
flow  (but  diminishes  the  pressure)  in  the  great  veins,  increases 
the  rate  and  the  force  of  heart-beat,  quickens  the  pulse  and  makes 
it  more  forcible,  increases  the  amount  of  blood  thrown  out  by 
the  left  ventricle  at  each  systole,  and  raises  the  blood-pressure. 
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Expiration  has  the  opposite  effects ;  in  particular,  it  raises  the 
venous  blood-pressure. 

When  expiration  is  forcible  and  the  intra-thoracic  pressure 
becomes  positive,  as  it  does  in  violent  coughing,  the  obstruction 
to  venous  blood-flow  at  the  entrance  of  the  veins  into  the  thorax 
becomes  plainly  evident  by  the  swelling  of  cervical  and  facial 
veins,  and  the  congestion  and  blueness  of  the  skin,  which  occur. 
But  the  increase  of  venous  pressure  acts  back  upon  the  small 
veins  and  capillaries,  and  if  they  are  unable  to  withstand  the 
sudden  stress,  they  rupture.  This  is  the  explanation  of  the 
epistaxis  and  the  conjunctival  ecchymoses  often  seen  in  children 
suffering  from  whooping-cough.  The  explanation  of  such  haemor- 
rhage as  occurs  in  cerebral  apoplexy,  and  is  often  brought  about 
by  a  violent  expiratory  effort,  such  as  cough  or  straining  at  stool, 
is  somewhat  different.  Here  arterioles  are  concerned,  and  the 
explanation  lies  in  the  facts  that  the  vessel  walls  are  already  the 
seat  of  disease,  and  that  the  violent  expiratory  effort  with  closed 
glottis  raises  the  arterial  blood-pressure  instead  of  lowering  it,  as 
is  the  case  in  normal,  effortless  expiration.  Eupture  of  healthy 
arterioles  is  never  caused  by  even  the  most  forcible  expiratory 
effort.  The  rise  of  arterial  blood-pressure  in  cough  and  similar 
violent  expiratory  efforts  is  probably  due  to  the  increase  of  peri- 
pheral resistance  and  the  increased  force  of  heart-beat  caused 
loy  contraction  of  many  muscles,  especially  those  of  the  abdominal 
wall. 

Pulmonary  Changes  {Emphysema). — In  the  case  of  the  lungs 
themselves,  we  must  consider  the  constitution  of  the  thoracic 
walls  a  little  more  closely.  The  thorax  is  indeed  '  a  closed  box,' 
but  it  is  one  of  which  the  walls  are  not  of  a  uniform  rigidity 
throughout.  The  ribs  are  highly  resistent,  the  costal  cartilages 
less  so,  at  the  costal  interspaces  there  is  neither  bone  nor  cartilage, 
and  at  the  root  of  the  neck  the  thoracic  wall  is  formed  by  little 
more  than  skin  and  subcutaneous  tissue.  Hence  the  effects  of 
variations  in  intra-thoracic  pressure  are  different  at  different  regions 
of  the  thorax  ;  when  the  intra-thoracic  pressure  is  reduced  the 
soft  parts  sink  in,  when  it  is  increased  they  bulge.  With  the 
normal  variations  in  pressure  accompanying  respiration,  neither 
of  these  conditions  is  important ;  but  when  these  variations  become 
abnormal,  the  case  is  different. 

Now,  the  rise  of  intra-thoracic  pressure  caused  by  violent  ex- 
piratory efforts,  such  as  cough  (and  we  may  add  here  the  playing 
of  wind  instruments),  is  intra-pulmonary,  and  therefore  the  lungs 
will  be  most  affected  by  the  pressure  within  them  at  those  points 
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where  they  are  least  supported,  in  particular  at  the  apices.  A 
very  clear  demonstration  of  this  fact,  and  of  the  consequences  to 
which  it  leads  in  the  lung,  is  given  by  the  following  simple 
experiment.  If  a  deflated  india-rubber  ball  be  held  in  the  half- 
closed  hand,  and  the  pressure  within  the  ball  be  raised  con- 
siderably by  forcing  air  into  it,  while  at  the  same  time  the 
hand  itself  is  held  rigid,  the  india-rubber  ball  will  bulge  and 
become  thinned  at  the  points  which  are  not  supported  by  the. 
fingers.  The  same  is  true  of  the  lungs  :  they  bulge  at  the  apices, 
as  anyone  can  readily  determine  for  himself  by  placing  the 
.fingers  in  the  supra-clavicular  fossae  and  making  forcible  ex- 
piration with  a  closed  glottis.  At  the  same  time,  the  alveolar 
walls  in  these  regions  become  distended  and  stretched.  If 
this  condition  is  frequently  caused,  and  if,  in  particular,  the 
elasticity  of  the  lung  has  become  impaired  owing  to  disease,  or 
is  congenitally  less  than  normal,  the  unsupported  parts  do  not 
fully  return  to  their  normal  size  and  shape  with  disappearance 
of  the  excessive  intra-pulmonary  pressure.  They  are  left  larger 
than  normal,  and  since  the  strain  to  which  they  have  been 
subjected  frequently  causes  rupture  of  the  alveolar  walls,  con- 
tiguous alveoli  become  converted  into  single  large  spaces,  and 
form  the  bullae  which  are  so  characteristic  of  pulmonary 
emphysema. 

Here,  then,  we  have  an  important  result  of  persistent  cough. 
Pulmonary  emphysema  is  at  the  present  time  regarded  as  the 
effect  of  violent  expiratory  efforts  upon  a  lung  the  elasticity  of 
which  is  impaired.^  .  It  is  only  necessary  to  add  here  that 
emphysema  is  almost  invariably  found  along  with  chronic  bron- 
chitis, a  disease  in  which  the  two  factors,  cough  and  impairment 
of  lung  tissue,  are  markedly  present. 

'  The  modern  explanation  of  the  pathology  of  emphysema  was  first  advanced  in 
this  country  by  Sir  W.  Jenner  in  1856,  but  it  had,  in  1845,  already  been  put  for- 
ward in  Germany  by  Mendelssohn.  Two  other  theories,  which  are  now  of 
historical  interest  only,  were  put  forward  by  Laennec,  who  first  adequately  de- 
scribed the  condition,  and  by  Gairdner  of  Edinburgh.  Laennec's  view  was  that 
the  bronchi  in  bronchial  catarrh  being  obstructed  by  swelling  or  by  accumulation 
of  mucus,  the  smaller  expiratory  force  was  unable  to  expel  air  that  entered  the 
alveoli  during  inspiration.  Gairdner's  view  was  that  emphysema  arises  solely  during 
inspiration,  and  that  for  its  occurrence  some  part  of  the  lung  must  have  previously 
been  rendered  functionless  by  collapse,  tubercle,  or  other  cause.  Under  these 
conditions,  enlargement  of  the  thorax  during  inspiration  must  lead  to  undue 
expansion  of  the  remaining  alveoli.  He  therefore  regarded  emphysema  as  '  com- 
pensatory.' Sir  K.  Douglas  Powell  holds  that  the  inherent  elasticity  of  the  thoracic 
cage,  which  normally  tends  to  enlarge  the  thoracic  cavity,  is  an  important  factor  in 
the  production  of  early  stages  of  emphysema. 
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We  must  now  return  to  consideration  of  changes  in  the  larynx 
and  trachea  in  connection  with  disordered  respiration. 

Apart  from  the  cough  by  which  they  are  accompanied,  laryn- 
geal and  tracheal  morbid  conditions  are  important  in  the  patho- 
logy of  respiration  in  two  ways :  either  (1)  because  they  produce 
stenosis,  or  (2)  because  they  permit  foreign  substances  to  gain 
access  to  the  lungs, 

(1)  The  most  important  causes  of  stenosis  of  the  larynx  and 
trachea,  besides  lodgment  of  foreign  bodies,  are  laryngeal  diph- 
theria, paralysis  of  the  laryngeal  abductor  muscles,  oedema  of  the 
glottis,  laryngismus  stridulus,  cicatrices,  cancer  and  other  new- 
growths  (whether  affecting  the  air- tube  itself,  the  thyroid  body, 
the  cervical  glands,  the  CBsophagas  or  other  neighbouring  part), 
aneurysm  of  the  innominate  or  carotid  arteries,  whether  acting 
by  direct  pressure  or  (as  in  the  case  of  aortic  aneurysm)  by  leading 
to  paralysis  of  a  posterior  crico-arytenoid  muscle  from  pressure 
on  its  nerve. 

Under  any  of  these  conditions  the  entrance  and  exit  of  air  to 
the  lungs  are  impeded,  and  the  extent  to  which  this  is  the  case 
varies  according  to  the  degree  of  stenosis.  The  impediment  may 
be  so  slight  as  to  pass  unncticed ;  it  may  be  so  great  as  rapidly 
to  lead  to  death  from  asphyxia.  Between  these  extremes  every 
conceivable  condition  may  be  met  with.  In  a  well-marked  case 
of  obstruction  the  rate  of  respiration  is  considerably  reduced, 
respiration  itself  is  laboured,  and  the  extraordinary  muscles  of 
inspiration  and  expiration  are  called  into  play.  The  duration  of 
expiration  is  now  equal  to  that  of  inspiration  instead  of  being 
shghtly  greater,  as  is  normally  the  case  ;  but  the  actual  duration 
of  both  phases  of  respiration  is  prolonged,  and  the  comparative 
pause  which  in  ordinary  breathing  obtains  between  an  expiration 
and  the  fohowing  inspiration,  is  done  away  with.  At  the  same 
time,  the  absence  of  sound  which  characterises  normal,  quiet 
breathing,  is  exchanged  for  a  more  or  less  harsh,  whistling  noise 
(stridor),  formed  by  passage  of  air  over  the  seat  of  obstruction, 
and  the  soft  rusthng  heard  on  auscultating  the  normal  chest, 
with  inspiration,  gives  place  to  a  rough,  to-and-fro,  grating  noise. 
The  difficulty  with  which  air  enters  and  leaves  the  lungs  is  further 
shown  by  the  recession  of  the  soft  parts  in  the  supra-clavicular 
fossae,  the  intercostal  spaces,  and  the  hypochondria  and  epigas- 
trium that  occurs  along  with  inspiration,  and  the  bulging  of  these 
parts  during  expiration.  Lastly,  a  more  or  less  well-marked 
cyanosis  testifies  to  the  deficient  aeration  of  the  blood,  and  a 
profuse  perspiration  to  the  muscular  labour  which  the  patient  is 
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undergoing ;  possibly,  however,  the  sweating  may,  in  part,  be 
reflex,  and  depend  upon  the  action  of  venous  blood  upon  a  medul- 
lary centre. 

(2)  The  other  way  in  which  morbid  conditions  of  the  larynx 
and  trachea  may  lead  to  disordered  respiration,  viz.  by  allowing 
access  of  foreign  bodies  to  the  lungs,  is  of  equal  importance. 
The  chief  cause  of  this  accident  is  abolition  of  the  cough-reflex, 
whether  owing  to  insensitiveness  of  the  laryngeal  and  tracheal 
mucous  membrane,  as  in  coma,  or  in  anaesthesia  induced  by 
chloroform,  ether,  &c.,  or  owing  to  paralysis  of  the  laryngeal 
muscles  (recurrent  nerve  paralysis)  whereby  that  closure  of  the 
glottis,  which  is  necessary  to  coughing,  cannot  be  carried  out. 
Under  either  of  these  circumstances,  not  only  is  the  cough-reflex 
deficient,  but  also  the  rima  glottidis  lies  open.    Other  conditions 
often  assist  in  allowing  foreign  substances  to  pass  the  glottis  and 
enter  the  bronchi  or  lungs.    Thus  in  labio-glosso-laryngeal  (bulbar) 
paralysis,  the  defective  power  of  moulding  a  bolus  of  food,  and 
directing  the  passage  of  sohds  and  Hquids  from  the  mouth  to  the 
oesophagus,  often  leads  to  an  accumulation  in  the  pharynx  or 
about  the  epiglottis,  and  allows  portions  to  be  inspired  into  the 
lungs.    So  also,  in  general  paralysis  of  the  insane,  overfilling  the 
mouth  with  food,  combined  with  defective  power  of  swallowing, 
frequently  leads  to  the  same  result.    Moreover,  in  paralytic  con- 
ditions such  as  those  which  have  been  mentioned,  the  epiglottis 
remains  in  a  motionless  upright  position,  and  does  not  afford  a 
normal  protection  to  the  larynx. 

Destruction  of  the  epiglottis  itself  by.ulceration  {e.g.  syphilitic), 
apart  from  paralysis  of  pharyngeal  and  laryngeal  muscles,  is 
apparently  not  of  the  same  importance  in  allowing  foreign  bodies 
to  pass  the  glottis.    The  condition  is  fairly  common  among 
patients  who  have  suffered  severely  from  throat  affection  in 
syphihs,  but  septic   pneumonia  from  inspiration  of  sohds  or 
hquids  in  these  cases  is  much  less  frequent  than  might  be 
expected.    The  epiglottis  seems  to  be  an  inner  line  of  defence 
for  the  glottis,  and  when  the  tongue  and  pharyngeal  muscles  act 
normally,  its  protection  is  not  requisitioned.    For,  normally,  by 
contraction  of  the  muscles  concerned  in  deglutition,  the  mass  of 
solid  or  Hquid  is  quickly  thrown  across  the  vertical  line  which 
passes  through  the  rima  glottidis,  and  crosses  it  at  a  considerable 
distance  above  the  laryngeal  opening  itself.    Hence,  when  the 
mass  reaches  the  level  of  the  glottis,  it  is  already  on  a  posterior 
plane,  for  it  has  been  travelling  down  the  posterior  wall  of  the 
pharynx.    But  when  the  muscles  of  deglutition  are  weakened  or 
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paralysed,  this  is  not  the  case,  for  then  all  the  movements  of  the 
mass  are  slower,  and  the  path  which  it  follows,  instead  of  ap- 
proximating in  shape  to  a  right  angle,  approximates  more  to  a 
straight  hne,  which  intersects  the  vertical  line  passing  through 
the  larynx,  at  a  very  acute  angle.  That  is  to  say,  in  normal 
deglutition,  the  mass  of  food  for  the  most  part  travels  in  a  plane 
behind  the  opening  of  the  glottis,  but  in  paralysed  conditions  it 
travels  for  the  most  part  in  front  of  or  directly  over  the  opening. 
It  is  therefore  easily  understood  that  destruction  of  the  epiglottis 
alone  is  a  much  less  serious  matter  than  muscular  paralysis, 
so  far  as  the  likelihood  of  subsequent  inhalation-pneumonia  is 
concerned. 

The  chief  morbid  conditions  involving  the  trachea  and  allow- 
ing passage  of  foreign  substances  into  the  lungs,  are  abnormal 
openings  into  the  tube.  Such  are  those  produced  voluntarily  in 
suicidal  attempts,  or  in  tracheotomy  and  laryngotomy,  and  those 
produced  by  ulceration,  pressure  atrophy  &c.  in  malignant 
disease  of  the  oesophagus  or  other  parts  in  the  neighbourhood, 
pressure  of  an  aneurysm,  and  so  on.  In  these  cases  the  foreign 
substance  is  generally  blood  or  some  discharge,  but  particles  of 
food  or  drink  may  pass  into  the  trachea  if  there  is  a  definite 
fistulous  opening  between  it  and  the  oesophagus. 

Extension  of  a  diphtheritic  infection  from  the  larynx  to  the 
lungs  by  way  of  the  trachea  must  also  be  mentioned  in  this 
connection.  Generally,  a  continuous  diphtheritic  membrane 
extends  from  the  larynx  downwards  until  it  ends  in  a  soft,  but 
tenacious,  purulent  substance  in  the  bronchi,  but  sometimes  the 
membrane  is  confined  to  the  larynx,  or  extends  only  for  a  short 
distance  down  the  trachea.  In  either  case  the  lung  condition 
which  subsequently  supervenes  is  the  same.  It  consists  in  a 
broncho-pneumonia,  which  only  differs  from  that  resulting  from, 
inhalation  of  other  foreign  substances  in  the  fact  that  this  form 
is  generally  associated  with  the  presence  of  diphtheria  bacilli, 
whereas  broncho-pneumonia  resulting  from  inhalation  of  other 
foreign  substances  is  not. 

Morbid  conditions  affecting  the  air-passages  above  the  tracheal 
bifurcation  may  involve  both  lungs,  but  the  right  is  more 
commonly  affected  by  entry  of  a  foreign  body,  such  as  a  coin, 
owing  to  the  anatomical  arrangement  of  the  parts.  For  the 
main  axis  of  the  trachea  passes  nearly  through  the  centre  of  the 
entrance  into  the  right  bronchus,  while  it  leaves  the  entrance  into 
the  left  bronchus  well  on  one  side  ;  and,  besides,  the  diameter 
of  the  right  bronchus  is  greater  than  that  of  the  left.    A  foreign 
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body  will  therefore  naturally  tend  to  fall  into  the  right  bronchus, 
and,  practically,  it  is  found  that  this  almost  always  occurs. 

(iii)  The  Bronchi.— From   the  bifurcation  of  the  trachea 
onwards  morbid  conditions  may  affect  one  lung  alone. 

There  are  many  similarities  between  conditions  affecting  the 
main  bronchi  and  conditions  affecting  the  trachea.  Thus,  the 
ricrht  bronchus  may  present  an  ulcerated  opening  as  the  result  of 
pressure  by  an  aortic  aneurysm,  and  blood  entering  the  bronchus  , 
from  the  aneurysm  may  produce  a  lung  condition  hardly  differing 
from  that  due  to  an  abnormal  opening  into  the  trachea.  Indeed, 
the  pulmonary  results  in  the  two  cases  are  likely  to  be  identical, 
for  the  blood  which  enters  the  right  bronchus  excites  cough  and 
is  carried  up  into  the  trachea,  whence  it  may  readily  be  drawn 
into  the  left  bronchus  during  inspiration. 

In  the  case  of  the  smaller  bronchi,  however,  there  are  con- 
siderable differences,  not  only  in  the  kinds  of  morbid  condition 
by  which  they  are  affected,  but  also  m  the  results  produced 
by  those  morbid  conditions.  In  connection  with  the  smaller 
bronchi  we  have  to  consider  {a)  bronchitis,  and  (6)  spasmodic 

asthma.  .     ^       ,       •  • 

(a)  Bronchitis.— As  its  name  imphes.  bronchitis  is  an  inflam- 
mation of  the  bronchi,  and,  Hke  other  inflammations,  it  may  be 
produced  by  microbial  or  by  non-microbial  irritants. 

Since  the  bronchi  communicate  freely  with  the  outer  air,  one 
would  expect  that  a  bronchitis  from  which  micro-organisms  are 
completely  absent  should  be  very  rare,  if  indeed  it  existed  at  all. 
But  it  must  be  remembered  that  the  air  when  it  reaches  the 
smaller  bronchi  is  saturated  almost  completely  with  aqueous 
vapour,  and  has  passed  over  a  moist  and  sinuous  path,  which 
is  lined  by  a  cihated  epithelium.     Hence,  few  of  the  micro- 
organisms which  enter  by  the  nose  or  mouth  normally  succeed  m 
penetrating  beyond  the  larger  bronchi;  as  a  matter  of  tact, 
expired  air  is  singularly .  free  from  bacteria,  and  those  which  u 
contains  have  almost  always  been  added  to  it  m  the  pharynx, 
mouth,  or  nose  during  its  passage  outwards.    Further,  the  cough 
and  the  excessive  secretion  of  mucus  which  characterise  bronchitis  _ 
are  means  whereby  such  bacteria  as  have  gained  an  entrance  into 
the  bronchi  are  expelled.  .  +i.o 

In  spite  of  these  undoubted  facts,  however,  m  bronchitis  the 
ciliated  epithelium  of  the  bronchi  is  destroyed  (or  a  least  he 
ciha  themselves  are  removed),  and  the  tissue-resistance  to  mvas  on 
by  bacteria  is  diminished.  So  that  in  a  large  number  of  cases  the 
presence  of  micro-organisms  in  the  finest  bronchi,  or  even  m  the 
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pulmonary  alveoli  themselves,  can  be  demonstrated  either  micro- 
scopically or  by  culture.  Moreover,  absolute  proof  that  bacteria 
in  the  inspired  air  succeed  in  reaching  the  terminal  bronchioles 
is  afforded  by  the  numerous  experiments  in  v^hich  pulmonary 
tuberculosis  has  been  induced  by  causing  an  animal  to  respire  air 
charged  with  tubercle  bacilli.^ 

The  respiratory  changes  induced  by  bronchitis  differ  according 
as  the  larger  or  the  smaller  bronchi  are  principally  affected, 
according  to  the  characters  of  the  bronchitis,  according  to  the 
amount  of  lung  tissue  involved  in  the  process.  But  certain 
characters  of  respiration  are  common  to  bronchitis  general]^ 

In  all  cases  of  bronchitis  the  sounds  heard  on  auscultation  of 
the  normal  lung  are  modified,  and  especially  by  the  fact  that 
adventitious  sounds  are  superadded.  These  are  heard  both  with 
inspiration  and  expiration,  are  snoring  (rhonchus),  whistling 
(sibilus),  or  bubbhng  (r41es)  in  character  according  to  the  amount 
of  secretion  present  in  the  bronchi  and  its  viscidity,  and  are 
lower  or  higher  in  pitch  according  as  they  are  produced  in  larger 
or  smaller  bronchi.  Further,  expiration  itself  is  altered  apart 
from  the  existence  of  adventitious  sounds.  In  the  normal  chest 
and  with  quiet  breathing  expiration  is  inaudible,  but  in  bronchitis 
it  is  distinctly  audible,  and,  in  addition,  it  is  commonly  prolonged. 
The  prolongation  of  respiration  is  due  to  the  fact  that  air  leaves 
the  alveoli  less  rapidly  than  normal.  This  may  be  because  the 
bronchial  secretion  presents  a  definite  obstacle  to  recoil  of  the 
alveolar  walls,  but  more  often  it  means  that  their  elasticity  has 
become  impaired  because  bronchitis  has  led  to  an  emphysematous 
condition  of  the  lung  after  the  manner  that  has  already  been 
described.  The  audibility  of  expiration  in  bronchitis  depends 
upon  the  abnormal  condition  of  the  bronchial  mucous  membrane ; 
the  air^  instead  of  passing  over  a  smooth  surface  as  in  health, 
passes  over  one  which  presents  irregularities  owing  to  the  con- 
gested state  of  the  mucous  membrane,  the  presence  of  exudation, 
mucus,  &c.  Where  lung  tissue  is  definitely  involved,  as  in 
broncho-pneumonia,  the  audibility  of  expiration  and  the  particular 
characters  which  are  presented  by  it  and  by  inspiration  (tubular 
breathing),  are  due  to  the  greater  density  of  tissue  lying  between 
the  bronchus  and  the  chest-wall. 

'  It  is,  indeed,  not  certain  that  even  normal  lungs  are  entirely  free  from  bacteria, 
since  examinations  made  by  Boni  on  freshly  killed  ,  pigs  showed  micro-organisms  in 
the  majority  of  cases.  Of  these  micro-organisms  a  considerable  proportion  were 
pathogenetic,  andpneumococci  were  present  in  about  25  per  cent,  of  the  cases.  These 
results  accord  well  with  those  of  Ford,  who  demonstrated  the  existence  of  bacteria  in 
the  kidneys  and  livers  of  numerous  perfectly  normal  animals. 
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The  rate  of  respiration  in  bronchitis,  and  the  amount  of 
dyspnoea  experienced  by  patients,  are  very  variable.  In  ordinary 
chronic  bronchitis,  in  which  the  larger  bronchi  alone  are  as  a 
rule  affected,  dyspnoea  is  generally  absent  and  the  rate  of  respi- 
ration is  unaltered.  But  in  acute  bronchitis  affecting  the  small 
bronchi  of  both  lungs  (bronchiolitis),  and  in  broncho-pneumonia 
(capillary  bronchitis,  lobular  pneumonia),  the  case  is  different. 
Respiration,  in  these  forms  of  bronchitis,  is  rapid— thirty,  forty, 
or  more  respirations  per  minute  being  often  observed — and  the 
dyspnoea  may  be  as  extreme  as  in  stenosis  of  the  larynx  or 
trachea,  though  its  characters  are  somewhat  different.  The  same 
is  true  in  plastic  bronchitis,  a  very  rare  condition  of  which  the 
pathology  is  unknown,  but  in  which  the  exudation  coagulates 
and  forms  a  cast  of  portions  of  the  bronchial  tree.  These  casts 
are  quite  characteristic  of  the  particular  form  of  bronchitis,  and 
portions  may  be  expectorated  after  a  severe  fit  of  coughing  ; 
apparently  they  may  be  formed  repeatedly,  and  they  offer  mani- 
fest analogies  to  the  '  false  membranes  '  of  diphtheria. 

The  increased  rate  of  respiration  in  these  cases  probably  has 
a  multiple  origin.  In  part  it  depends  upon  the  fever  by  which 
acute  (though  not  chronic)  forms  of  bronchitis  are  accompanied  ; 
in  part  it  is  compensatory,  a  greater  number  of  respirations  bemg 
necessary  to  produce  the  same  result,  now  that  the  aerating 
function  of  a  portion  of  the  lung  has  been  abohshed ;  and  in  part 
it  is  probably  due  to  reflex  stimulation  of  the  respiratory  centre 
by  afferent  impulses  passing  in  the  vagus  from  its  terminations  m 
the  bronchial  mucous  membrane,  for  gentle  ^  stimulation  of  the 
central  end  of  the  cut  vagus  below  the  origin  of  the  superior 
laryngeal  nerve  quickens  respiration. 

In  all  cases  of  this  description,  however,  it  is  difficult  to  decide 
how  far  the  increased  rate  of  respiration  and  the  dyspnoea  are  of 
pulmonary,  how  far  of  cardiac,  origin.  Probably  both  pulmonary 
and  cardiac  conditions  combine  in  producing  the  result.  Por  not 
only  do  pulmonary  conditions  lead  to  cardiac  changes,  as  we  have 
already  seen  (p.  84),  but  also  one  of  the  most  distressing  forms 
of  dyspnoea  with  rapid  breathing  occurs  under  conditions  m 
which  air  can  freely  enter  and  leave  the  lungs  (pulmonary 
embolism). 

(b)  Spasmodic  ^si/iwa.— Spasmodic  asthma  shows  itself  by 

'  stronger  stimulation  causes  arrest  of  respiration,  as  does  stimulation  of  the 
central  end  of  either  the  superior  laryngeal  or  the  vagus  above  the  point  where 
it  is  joined  by  the  superior  laryngeal.  For  further  details  in  reference  to  the  effects 
of  vagus  stimulation  upon  respiration,  text-books  on  physiology  must  be  consulted. 
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the  supervention,  generally  in  the  early  morning,  of  an  agonising 
dyspnoea.  The  rate  of  respiration  is  usually  unaltered;  the 
time  occupied  by  the  inspirations  is  perhaps  shorter  than  normal, 
but  expiration  is  greatly  prolonged,  and  all  the  accessory  muscles 
of  expiration  are  called  into  play.  Hence  asthma  is  eminently  an 
expiratory  dyspnoea.  In  an  uncomphcated  case  this  condition  of 
respiratory  distress  lasts  for  two  or  three  hours,  and  then  gradu- 
ally passes  off,  to  be  renev^ed,  in  all  probability,  on  the  following 
night.  This  may  go  on  for  two  or  three  nights,  and  then,  for  a 
varying  length  of  time,  no  attacks  occur.  During  the  interval 
between  attacks  the  patient  is  in  perfect  health  except  for  such 
symptoms  as  are  due  to  muscular  exhaustion,  loss  of  sleep,  &c., 
or  are  due  to  secondary  cardiac  or  pulmonary  changes  that  may 
have  been  induced  by  the  attacks. 

The  paroxysmal  nature  of  spasmodic  asthma  is  therefore  one 
of  its  most  marked  characteristics,  and  this  fact,  together  with 
the  obvious  impediment  to  expiration  which  obtains  in  an  attack, 
is  strongly  in  support  of  the  view  that  asthma  essentially 
consists  in  a  spasmodic  contraction  of  the  unstriped  muscular 
fibres  in  the  walls  of  the  bronchioles.  It  is  now  generally  allowed 
that  such  a  spasmodic  contraction  can  experimentally  be  produced 
as  the  result  of  direct  or  reflex  stimulation  of  the  vagi,  and  Dixon 
and  Brodie  have  recently  given  further  evidence  of  the  fact.  The 
fact,  too,  that  depressant  drugs — such  as  stramonium,  chloroform, 
ipecacuanha  in  large  doses,  belladonna,  &c. — are  often  of  marked 
benefit  in  cutting  short  an  attack,  is  additional  evidence  in  favour 
of  this  view. 

But  the  pathology  of  asthma  is  not  thereby  fully  elucidated. 
Por,  in  the  first  place,  it  is  not  easy  to  understand  how  a  spastic 
contraction  of  the  bronchioles  over  the  whole  of  both  lungs  can 
continue  for  hours ;  and,  in  the  second  place,  even  if  this  view  be 
accepted,  the  cause  which  leads  to  the  spastic  condition  is  still 
unexplained. 

For  these  reasons  it  has  been  suggested  that  asthma  really 
consists  in  a  congestion  or  inflammation  of  the  whole  bronchial 
mucous  membrane,  whereby  the  lumen  of  the  smaller  tubes  is 
greatly  diminished.  It  is  certainly  in  favom^  of  this  view  that  in 
hay-fever,  which  is  only  a  special  form  of  bronchial  asthma,  the 
nasal  mucous  membrane  is  markedty  congested  and  swollen,  and 
that  Stork  claimed,  by  aid  of  the  laryngoscope,  to  have  seen  the 
mucous  membrane  of  the  whole  trachea  and  the  opening  of  the 
right  bronchus  congested  and  swollen  in  a  patient  suffering  from 
an  attack  of  asthma.     But  it  is  so  difficult,  in  view  of  the 
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suddenness  with  which  an  attack  generally  comes  on,  and  of  the 
relations  of  asthma  with  migraine  and  epilepsy,  to  beheve  that 
a  widespread  inflammation  or  even  congestion  can  be  the 
immediate  cause  of  asthma,  that  this  explanation  is  even  less 
satisfactory  than  the  one  which  ascribes  the  attack  to  a  muscular 
spasm. 

There  is  no  doubt,  however,  that  in  an  attack  of  asthma,  tne 
patient's  lungs  are  hyper-distended  and  his  expiration  is  enor- 
mously impeded  ;  his  general  aspect  and  examination  of  his  chest 
are  sufficient  evidence  of  these  facts.  And  since  there  is  certainly 
no  obstruction  high  up  and  in  the  larger  air-passages,  we  are 
probably  correct  in  concluding  that  the  seat  of  obstruction  is  the 
smallest  bronchioles.  Cohnheim  was  inclined  to  believe  that 
some  cases  of  asthma  are  due  to  tetanic  contraction  of  the 
diaphragm,  though  for  the  majority  he  beheved  that  bronchial 
spasm  is  the  explanation.  With  regard  to  tetanic  contraction  of 
the  diaphragm,  which,  theoretically,  might  be  accompanied  by  a 
condition  of  asthma,  it  is  asserted  that  examination  of  a  patient 
during  an  attack  of  asthma  by  Eontgen  rays  sometimes  shows  the 
diaphragm  to  be  motionless.  On  the  whole,  however,  and  m 
spite  of  difficulty,  it  is  safest  at  present  to  hold  that  the  attack 
of  asthma  is  due  to  muscular  spasm  of  the  smallest  bronchi, 
and  that  any  congestion  or  inflammation  of  the  bronchial  mucous 
membrane  that  may  be  present  is  secondary. 

Starting,  then,  from  this  standpoint,  we  have  next  to  consider 
the  conditions  upon  which  the  onset  of  the  muscular  spasm  itself 
depends.  Here  we  are  upon  very  uncertain  ground,  for  there  is 
no  disease  in  which  so  many  different  conditions  may  lead  to 
attack ;  indeed,  hardly  two  cases  of  asthma  are  alike  m  this  respect. 
It  was  at  one  time  thought  that  Charcot's  crystals  (p.  169),  which 
are  commonly  found  in  the  early  expectoration  after  an  attack  of 
asthma,  lead  to  onset  of  the  attack  by  irritating  the  terminations 
of  the  vagi  in  the  bronchial  mucous  membrane.  But  this  view 
was  abandoned  when  it  was  shown  that  the  crystals  may  often  be 
found  in  the  sputa  of  patients  who  do  not  suffer  from  asthma. 

On  the  other  hand,  there  is  much  to  be  said  for  the  view  that 
the  disease  is  primarily  nervous.  In  this  respect  its  analogies 
with  migraine  and  epilepsy-diseases  that  are  admittedly  nervous 
-are  highly  important.  Thus  all  three  conditions-asthma, 
migraine,  epilepsy-occur  in  neurotic  individuals,  show  a  tendency 
to  hereditary  transmission,  are  liable  to  be  called  forth  by  indis- 
cretions in  diet,  have  relationships  with  gout,  may  be  preceded  by 
premonitory  symptoms  constituting  a  distinct  'aura,'  whether 
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this  is  generally  the  case  as  in  epilepsy,  frequently  the  case  as  m 
migraine,  or  sometimes  the  case  as  in  asthma.  Even  more 
important,  as  showing  this  relationship,  is  the  case,  recorded  by 
Salter,  of  an  epileptic  patient  whose  fits,  after  having  set  in  with 
their  usual  premonitory  symptoms,  were  on  several  occasions 
replaced  by  asthmatic  paroxysms. 

Next,  it  must  be  mentioned  that  asthma  is  in  some  cases 
directly  traceable  to  an  antecedent  attack  of  bronchitis  (whether 
primary,  or  occurring  along  with  measles  or  whooping-cough)  in 
a  patient  having  no  hereditary  tendency  to  asthma.  This  fact 
suggests  strongly  that  an  impaired  nutrition  of  the  bronchi  may 
play  some  part  in  the  production  of  asthma.  It  is  possible,  in 
other  cases  in  which  this  relationship  with  an  antecedent  lung 
alfection  is  not  recognisable,  that  there  is  a  congenital  hyper- 
sensitiveness  of  the  bronchioles  which  is  hereditarily  transmitted. 
Upon  this  point,  however,  one  can  only  speculate,  though  it 
would  not  be  in  disagreement  with  modern  views  of  cell-nutrition. 

Lastly,  Marcet  considered  that  the  well-known  fact,  that  a 
forced  inspiration  sometimes  causes  a  temporary  suspension 
of  asthmatic  spasm,  is  a  proof  that  deficient  aeration  of  the  blood 
supplying  the  respiratory  centres  bears  a  definite  relation  to  the 
causation  of  asthma. 

The  great  difference  between  stenosis  of  the  larynx  or  trachea 
and  a  stenosis  such  as  we  have  presumed  to  exist  in  the  attacks  of 
bronchial  asthma,  lies  in  the  fact  that  in  laryngeal  or  tracheal 
stenosis  there  is  difficulty  both  in  inspiration  and  in  expiration, 
whereas  in  asthma  the  difficulty  essentially  concerns  expiration 
alone.  This  difference  depends  upon  the  fact  that  in  the  one 
case  the  obstruction  is  outside  the  thorax,  whereas  in  the  other 
it  is  within  the  thorax. 

When  the  obstruction  is  tracheal  or  laryngeal,  enlargement  of 
the  thoracic  cavity  with  inspiration  is  without  influence  upon  the 
degree  of  stenosis  ;  but  when  the  obstruction  is  within  the  thorax, 
and  especially  when  it  is  situated  in  the  bronchioles  (as  in 
asthma),  the  increase  of  negative  pressure  with  inspiration  tends 
to  dilate  the  bronchioles  and  therefore  to  diminish  the  stenosis. 
Hence  the  different  extent  to  which  inspiration  is  impeded  in  the 
two  classes  of  case. 

But  the  direct  converse  obtains  with  regard  to  expiration. 
For  when  the  obstruction  is  tracheal  or  laryngeal,  violent 
expirSitory  efforts  must  tend  to  overcome  the  resistance  and 
force  the  air  within  the  chest  past  the  obstruction ;  but  when 
the  obstruction  is  within  the  thorax,  violent  expiratory  efforts 
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only  aggravate  the  mischief,  by  compressing  the  small  bronchi 
and  diminishing  their  lumen  yet  more.  An  analogous  condition 
occurs  in  the  case  of  patients  with  enlarged  prostate;  straining 
only  forces  the  hypertrophied  middle  lobe  of  the  gland  yet  more 
closely  over  the  first  portion  of  the  urethra,  so  that  it  increases 
the  difi&culty  of  micturition,  or  may  stop  the  flow  of  urine 
altogether. 

(iv)  The  Pulmonary  Alveoli. — The  alveolar  conditions  leading 
to  disordered  respiration  are  emphysema,  obliteration  of  the  alveolar 
cavity  from  within  the  lung,  and  collapse  of  lung. 

{a)  Emplmjsema. — Emphysema  has  already  been  considered  at 
some  length  (p.  642),  so  we  shall  not  discuss  it  further,  but  shall 
at  once  pass  to  consideration  of  conditions  in  which  the  alveolar 
cavity  is  obliterated  by  conditions  acting  within  the  lung. 

(&)  Obliteration  of  the  Alveolar  Cavity  from  ivithin. —TJnAev 
this  heading  come  such  conditions  as  croupous  pneumonia, 
broncho-pneumonia,  tuberculosis  and  other  forms  of  specific 
broncho-pneumonia,  abscess,  new-growths  in  the  lung,  hsemor- 
rhagic  infarct,  pulmonary  apoplexy,  oedema  of  the  lung.  Widely 
differing  as  they  are  in  their  histological  characters  and  in  the 
morbid  conditions  upon  which  they  depend,  widely  differing 
according  as  they  destroy  and  replace  the  lung  tissue  {e.g.  new- 
growths,  tuberculosis,  abscess)  or  are  temporary  additions  to  the 
lung  tissue  (6.(7..  croupous  pneumonia,  oedema),  they  yet  all  agree 
in  the  fact  that  they  reduce  the  amount  of  lung  available  for  the 
exchange  of  gases  between  the  outer  air  and  the  blood.  This 
being  the  case,  they  must,  of  necessity,  throw  extra  work  upon 
the  alveoli  that  are  still  capable  of  exercising  their  function. 
And  the  degree  to  which  that  extra  work  shows  itself  by  dis- 
ordered respiration  must  depend— at  least  in  part— upon  the 
amount  of  lung  tissue  that  has  been  rendered  functionless. 

The  condition  best  exempHfying  the  statement  just  made  is 
croupous  pneumonia.  In  this  disease  a  considerable  proportion 
of  the  total  lung  area— one  or  more  lobes— is  within  a  few  hours 
converted  into  a  solid  mass,  and  becomes  useless  so  far  as  aeration 
of  blood  is  concerned,  owing  to  the  outpouring  and  coagulation 
of  a  copious  inflammatory  exudation  in  the  air-sacs.  The  result 
is  that  the  remainder  of  the  lung  becomes  hyper-distended  (as 
shown  by  the  note  which  it  yields  on  percussion),  and  the  rate  of 
respiration  is  enormously  increased.  The  respirations  themselves 
are  shallow,  but  they  may  number  thirty,  forty,  or  more  m  the 
minute.  There  is  often  no  feeling  of  distress,  but  the  bluish 
coloration  of  the  lips,  cheeks,  and  ears  shows  that  the  blood  is 
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deficiently  aerated.  That  this  increased  frequency  of  respiration 
is  not  merely  associated^  is  clearly  indicated  by  the  fact  that  the 
rate  of  respiration  is  increased  quite  out  of  proportion  to  the 
increased  rate  of  heart-beat.  The  ratio  between  these  two  is  no 
longer  the  normal  three  or  four  to  one,  but  rises  to  two  to  one  or 
higher,  and  in  some  cases,  where  both  lungs  are  affected,  respira- 
tions are  even  more  frequent  than  heart-beats. 

But  however  probable  it  may  seem  that  this  increased  frequency 
of  respiration  in  pneumonia  is  compensatory,  it  is  impossible  to 
accept  this  view  as  a  full  and  complete  explanation.  For  it  is  one 
of  the  most  striking  phenomena  of  the  disease  that  directly  the 
critical  fall  of  temperature  has  taken  place,  the  ratio  between 
rate  of  respiration  and  rate  of  heart-beat  returns  to  the  normal. 
And  this,  though  physical  examination,  and  actual  inspection  in 
fatal  cases,  prove  conclusively  that  the  amount  of  solidified  lung 
is  still  the  same  as  before  the  crisis.  In  part,  no  doubt,  the 
increased  frequency  of  respiration  is  also  febrile.  But  even  then 
the  phenomena  are  not  fully  explained.  For  in  the  case  of 
pulmonary  tuberculosis  we  may  have  a  solidification  of  lung  quite 
as  extensive  and  a  fever  quite  as  high,  but  the  normal  ratio  of 
respiratory  frequency  to  frequency  of  heart-beat  is  not  disturbed 
as  it  is  in  pneumonia. 

There  must  consequently  be  some  other  factor  or  factors 
entering  into  the  process.  Of  these,  the  suddenness  with  which 
the  solidification  of  lung  is  brought  about  seems  to  play  a  highly 
important  part.  In  the  case  of  pleural  effusion  it  is  known  that 
the  rate  of  respiration  is  more  readily  quickened  by  a  rapid  out- 
pouring of  fluid,  though  the  total  quantity  be  small,  than  it  is 
by  a  gradual  outpouring  of  a  far  larger  quantity.  And  analogous 
examples  showing  the  effect  of  the  time-factor  in  determining 
the  resulting  phenomena  might  easily  be  multiplied.  Since, 
then,  it  takes  tuberculosis  at  least  as  many  weeks  to  produce  the 
same  degree  of  pulmonary  solidification  that  croupous  pneumonia 
produces  in  hours,  it  is  intelHgible  that  the  respiratory  phenomena 
should  be  different  in  the  two  diseases,  and,  in  particular,  that  the 
respiratory  function  should  be  disordered  to  a  greater  extent  in 
pneumonia. 

At  this  point  we  are  left  in  the  region  of  surmise.  For  the 
need  of  compensation,  the  fever,  the  conditions  induced  by  rapid 
onset  of  the  disease  can  only  modify  respiration  by  way  of  the 
respiratory  centre,  and  of  the  changes  occurring  here  we  are 
completely  ignorant. 

'  See  below,  p.  671. 
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It  is  unnecessary  to  discuss  the  other  conditions  which  have 
been  mentioned  as  leading  to  obHteration  of  the  alveolar  cavity 
from  within.    Nor  is  it  necessary  to  refer  to  the  pneumokonioses, 
in  which  a  sub-inflammatory  condition  of  lung,  accompanied  by 
formation  of  much  fibrous  tissue,  is  produced  by  inhalation  of 
those  various  forms  of  dust  which  have  already  been  mentioned  as 
causing   abnormal   pigmentation  of  lung.     Eor   they  all  act 
essentially  in  the  same  way  as  tuberculous  infiltration  or  croupous 
pneumonia.    They  cause  hyper-distension  (perhaps  also,  in  the 
case  of  the  more  chronic  diseases,  hypertrophy)  of  the  alveoli 
into  which  air  can  still  enter.    They  increase  the  frequency  of 
respiration  to  a  greater  or  less  degree  according  as  the  amount 
of  lung  involved  is  greater  or  less,  according  as  the  disease  is 
produced  with  greater  or  less  suddenness,  according  as  it  is  more 
or  less  accompanied  by  fever.    They  modify  the  depth  of  in- 
dividual respirations,  making  them  shallower  when  the  amount  of 
lung  involved  is  great  or  respiratory  movements  are  accompanied 
by  pain,  making  them  deeper  when  the  amount  of  lung  involved 
is  not  great  and   when   respiratory  movements  are  painless. 
Speaking  generally,  the  depth  of  individual  respirations  varies 
inversely  with  the  frequency  of  respiration ;  but  when  the  disease 
is  not  extensive,  depth  of  inspiration  and  frequency  of  respiration 
may  both  be  shghtly  increased. 

(c)  Collapse  of  Lung.— In  collapse  of  lung,  as  in  diseases  where 
there  is  obliteration  of  the  alveoli  from  within,  air  fails  to  reach 
the  air-sacs.  Since,  too,  both  conditions  agree  in  that  they  may 
involve  amounts  of  lung  varying  from  a  few  lobules  to  whole 
lobes  or  even  a  whole  lung,  the  actual  changes  in  respiration 
brought  about  by  them  are,  in  the  main,  identical.  Such  differ- 
ences as  obtain  depend,  not  upon  the  collapse  or  the  obliteration 
from  within,  as  such,  but  upon  the  causes  leading  to  those  con- 
ditions. It  is  unnecessary,  therefore,  to  discuss  the  respiratory 
changes  caused  by  collapse  of  lung.  But  a  few  words  must  be 
said  as  to  the  manner  in  which  collapse  of  lung  is  produced. 

The  distension  with  air  of  normal  lung  is  brought  about  by  the 
first  inspirations  after  birth.  In  a  still-born  child  the  lungs  are 
completely  airless,  and  sink  in  water  like  lung  tissue  which  has 
become  sohd  by  obliteration  of  alveoli  from  within.  This  con- 
dition, however,  is  not  termed  collapse,  but  atelectasis.  In 
individuals  who  have  once  breathed,  atelectasis  is  extremely  rare, 
except  in  the  case  of  premature  and  weakly  infants,  and  in  the 
large  majority  of  cases  an  airless  condition  of  lung  tissue  means 
that  air  has  been  removed  from  previously  distended  air-sacs,  not 
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that  it  has  never  reached  them  ;  in  other  words,  it  means  that 
we  have  to  do  with  collapse,  not  with  atelectasis. 

The  conditions  leading  to  collapse  of  lung  are  essentially  two  : 
(1)  pressure  on  the  alveoli  from  without,  (2)  obstruction  to  bronchi. 
The  ultimate  process  whereby  air  is  removed  from  the  alveoli  is 
probably  the  same  in  both  cases,  and  as  it  will  be  necessary  to 
discuss  the  effects  of  morbid  pleural  conditions  upon  respiration, 
we  shall  confine  our  attention  here  to  collapse  of  lung  brought 
about  by  obstruction  of  the  bronchi.  The  chief  condition  which 
leads  to  obstruction  of  bronchi  being  bronchitis  affecting  the 
smaller  tubes,  collapse  of  lung  and  broncho-pneumonia  generally 
occur  together. 

For  a  long  time  collapse  of  lung  was  explained  by  aid  of  a 
theory  formulated  by  Gairdner,  and  known  as  the  '  ball- valve  ' 
theory.  Gairdner's  theory  was  a  converse  of  the  explanation 
given  by  Laennec  for  emphysema.  It  assumed  that  when  a  plug 
of  secretion  is  in  a  small  bronchus,  it  is  drawn  more  closely  to 
the  bronchial  wall  in  inspiration  and  pushed  away  during  expira- 
tion, and  hence  it  was  concluded  that  more  air  leaves  the  alveoli 
with  which  the  bronchus  is  in  connection,  during  expiration,  than 
enters  it  during  inspiration.  This  theory  is  now  of  historical 
interest  only. 

At  the  present  time  it  is  generally  accepted  that  collapse  is 
produced  because  the  air,  formerly  contained  in  the  alveoli  com- 
municating with  the  obstructed  bronchus,  has  been  removed  by 
the  blood.  This  was  conclusively  proved  by  Lichtheim  five-and- 
twenty  years  ago.  He  completely  obstructed  bronchi  in  rabbits 
by  placing  in  them  plugs  which  swelled  with  the  moisture,  and 
found  that  a  typical  collapse  was  produced  of  that  portion  of  lung 
supplied  by  the  occluded  bronchus.  Finding  that  pure  oxygen  is 
removed  from  the  alveoli  more  rapidly  than  atmospheric  air,  and 
that  the  same  is  true  (though  to  a  less  degree)  in  the  case  of 
carbonic  acid,  while  pure  nitrogen  is  removed  less  rapidly  than 
atmospheric  air,  he  concluded  that  in  collapse  the  oxygen  of  the 
contained  air  is  removed  first,  then  the  carbonic  acid,  and  last  of  all 
the  nitrogen.  But  whether  this  be  so  or  not,  there  is  no  doubt 
that  in  collapse  all  air  is  removed  even  to  its  last  traces,  so  that 
the  alveolar  walls  ultimately  lie  in  contact,  or  at  most  are  sepa- 
rated by  a  small  quantitj'-  of  fluid  or  a  few  cells. 

Method  lolierehy  Air  is  removed  from  . the  Alveoli  in  Collapse  of 
Lung. — The  actual  manner  whereby  air  is  removed  from  the 
alveoli  in  the  production  of  collapse  forms  part  of  the  whole  con- 
troversy as  to  whether  the  exchange  of  gases  in  the  lung  between- 
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blood  and  alveolar  air  is  a  physical  or  a  vital  process.  The 
majority  of  authors  believe  that  this  exchange  is  a  physical  one  of 
diffusion,  and  depends  upon  the  tensions  of  the  oxygen  and  the 
carbonic  acid  on  the  two  sides  of  the  membrane  formed  by  the 
alveolar  epithelium.  In  accordance  with  this  physical  explanation 
of  normal  respiration,  Lichtheim  believed,  and  most  authorities 
follow  him  in  this  respect,  that  the  removal  of  air  from  the  alveoli, 
in  the  production  of  collapse,  is  carried  out  by  diffusion,  aided  by 
the  normal  elasticity  of  the  lung. 

The  common  explanation  of  collapse  is  therefore  as  follows. 
As  the  intra-alveolar  air  is  removed  by  its  diffusion  into  the  blood 
of  the  alveolar  capillaries,  the  intra-alveolar  pressure  falls.  At  a 
certain  point,  diffusion  of  the  contained  gases  into  the  blood  would 
cease  were  it  not  that  the  elasticity  of  the  alveolar  wall  keeps  the 
intra-alveolar  pressure  constant,  and  is  not  exhausted  until  the 
last  traces  of  air  have  been  removed. 

But  serious  objections  have  been  raised  to  the  commonly 
received  view  as  to  the  exchange  of  gases  in  the  normal  lung. 

It  was  shown  by  Biot's  and  Moreau's  work  that  the  oxygen 
tension  in  the  air-bladder  of  fishes  (which  is  morphologically 
homologous  with  the  mammalian  lung)  varies  considerably  in 
different  species,  and  according  to  the  depth  at  which  the  fish  is 
]ilaced  under  water.  It  was  shown  further  that  the  tension  of 
oxygen  in  the  air-bladder,  amounting,  as  it  may  do,  to  80  per 
cent,  of  the  total  gas  in  the  bladder,  is  far  greater  than  the  oxy- 
gen tension  in  the  water,  which,  at  most,  cannot  exceed  21  per 
cent.,  i.e.  the  proportion  of  oxygen  contained  in  the  atmosphere. 
Hence  one  cannot  regard  the  oxygen  in  the  air-bladder  of  fishes 
as  having  arrived  there  by  a  simple  process  of  diffusion ;  it  must 
have  been  actively  secreted  into  the  air-bladder. 

Bohr  corroborated  the  above  results,  and  showed  further  that 
the  process  is  under  control  of  the  central  nervous  system,  for 
secretion  of  oxygen  does  not  take  place  when  the  branches  of  the 
vagus  nerve  supplying  the  air-bladder  are  cut.  In  mammals, 
Bohr  maintains  that  the  oxygen  tension  of  arterial  blood  is 
greater  than  the  oxygen  tension  of  the  alveolar  air,  and  Haldane 
and  Lorrain  Smith  support  him  fully  in  his  contention. 

Haldane  and  Lorrain  Smith,  as  the  result  of  numerous  experi- 
ments on  different  animals,  including  man,  hold  that  the  oxygen 
tension  of  arterial  blood  has  been  hitherto  under-estimated  owing 
to  oversight  of  the  fact  that  a  considerable  and  all-important 
dissociation  of  oxygen  from  oxyhsemoglobin,  and  its  fixation  in 
some  firm  combination,  takes  place  within  tlu^  first  few  seconds 
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after  removal  of  blood  from  the  body.  By  improved  methods 
they  have  shown  that  the  oxygen  tension  of  arterial  blood  is  far 
greater  than  is  generally  taught,  and,  in  most  cases,  is  consider- 
ably higher  than  the  oxygen  tension  of  the  inspired  air.  Collating 
their  results  with  those  of  Lowy,  who  found  by  careful  estimation 
that  the  tension  of  oxygen  in  the  alveolar  air  is  only  equal  to 
a  little  more  than  one-eighth  of  an-  atmosphere  (actually  13-15 
per  cent.),  they  maintain  that  diffusion  alone  is  insufficient  to 
explain  the  passage  of  oxygen  through  the  alveolar  epithelium. 
Thus  they  give  experiments  showing  that  in  man  the  average 
oxygen  tension  of  arterial  blood  is  38-5  per  cent,  of  an  atmosphere, 
while  'the  oxj^gen  tension  of  inspired  air  is  19-7  per  cent.,  and  the 
intra-alveolar  tension  of  oxygen  (Lowy)  is  13.^ 

Here  we  must  leave  the  question  of  absorption  of  oxygen  by 
the  lungs.  The  controversy  is  no  more  settled  than  the  allied 
controversy  as  to  the  mode  of  lymph-formation ;  and  in  the  one 
case,  as  in  the  other,  personal  estimation  of  the  value  of  given 
experiments  comes  into  play.  But  obviously  the  results  of  Bohr 
and  of  Plaldane  and  Lorrain  Smith  will  need  strong  refutation  if 
the  present  physical  explanation  of  gas  exchange  in  the  lungs  is 
to  hold  its  ground. 

In  view,  therefore,  of  the  uncertainty  which  obtains  as  to 
whether,  under  normal  circumstances,  gaseous  exchange  between 
the  blood  and  the  intra-alveolar  air  is  one  of  secretion  or  one  of 
simple  diffusion,  it  is  well  to  keep  an  open  mind  with  regard  to 
the  manner  in  which  air  leaves  the  alveoli  in  the  production  of 
pulmonary  collapse.  It  may  be  that  the  explanation  commonly 
given  is  the  correct  one,  but  it  is  obviously  possible  that  the  same 
ultimate  result  could  be  attained  if  the  alveolar  or  capillary 
epithelium  continued  to  secrete  air  into  the  blood,  while  at  the 
same  time  it  ceased  to  obtain  a  fresh  supply,  owing  to  obstruc- 
tion of  the  bronchus  with  which  the  alveoli  concerned  are  in 
connection. 

(v)  The  Pleupse  and  Pleural  Cavities. — Morbid  conditions  of 
the  pleurfB  and  pleural  cavities  play  a  very  important  part  in 
determining  abnormalities  of  respiration.  For  not  only  is  it 
necessary  to  normal  respiration  that  the  visceral  and  parietal 
surfaces  of  the  membrane  shall  glide  smoothly  upon  one  another, 
but  it  is  also  necessary  that  the  two  layers  shall  be  in  contact. 
The  morbid  conditions  that  we  shall  have  to  consider  are  therefore 
(1)  those  in  which  the  pleural  membrane  is  altered  ;  (2)  those 
in  which  the  pleural  layers  are  no  longer  in  contact. 
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(A)  The  Pleurae.— Of  morbid  conditions  affecting  the  pleurae- 
themselves,  inflammation  is  by  far  the  most  important.  But 
pleuritis  (pleurisy)  will  not  be  discussed  here  to  any  extent^ 
because  the  remarks  made  when  discussing  pericarditis,  as  to  its  . 
causes,  the  appearance  of  the  membrane,  the  formation  of  '  lymph,' 
the  'friction  rub,'  the  beneficial  results  of  a  smah  amount  of 
effusion,  the  changes  leading  to  the  formation  of  adhesions  &c. 
apply  equally  well  in  the  case  of  pleurisy.    It  is  sufficient  to  state 
that  the  respiratory  modifications  caused  by  pleurisy  itself— apart 
from  those  due  to  collection  of  fluid  or  to  accompanying  lung 
conditions— consist  in  a  shahowness  of  respiration,  accompanied 
at  the  end  of  inspiration  by  a  sudden  '  catch  in  the  breath.' 
This  modification  is  determined  by  the  pain  induced  by  the 
respiratory  act,  whence  it  follows  that  respiratory  modifications 
are  marked  according  as  the  onset  of  the  pleurisy  is  acute.  On 
the  other  hand,  when  the  pleural  inflammation  is  very  chronic, 
as  in  many  cases  of  tuberculosis,  it  may  never  cause  the  patient 
any  pain,  and  therefore  may  have  been  unaccompanied  by  any 
respiratory  modification  at  all.    This  explains  why  the  existence 
of  a  pleurisy  in  pulmonary  tuberculosis  is  often  unsuspected  until 
the  effusion  poured  out  has  accumulated  to  such  an  extent  that  it 
interferes  directly  with  respiration  by  its  mechanical  effects. 

When  the  pleural  layers,  as  the  result  of  antecedent  inflamma- 
tion, have  become  joined  over  a  greater  or  less  extent  of  their 
surfaces  by  the  formation  of  fibrous  adhesions,  gliding  movements 
between  the  lung  and  the  thoracic  wall  are  of  course  propor- 
tionately impeded.    This  throws  extra  work  on  the  muscles  con- 
cerned in  respiration,  but  it  does  not  of  itself  introduce  any 
considerable  respiratory  modification  ;  the  modified  respiration 
which  undoubtedly  obtains  in  such  cases  is  essentially  due  to  the 
pulmonary  condition  underlying  the  pleurisy.    Since,  however, 
the  adhesions  are  constantly  being  stretched  by  the  respiratory 
movements,  and  are  themselves  a  source  of  irritation,  it  is  com- 
mon, even  in  the  case  of  dense  adhesions,  to  find  some  evidences, 
of  active  inflammation.    As  a  rule,  these  are  microscopic,  and  are 
represented  by  small  local  collections  of  migrated  leucocytes,  but 
the  frequency  with  which  repeated  attacks  of  pleurisy  occur  in 
the  same  patient,  and  more  or  less  constantly  over  the  same 
region,  shows  that  it  is  rare  for  the  pleural  inflammation  tO' 
become  perfectly  quiescent.    In  this  respect  widespread  adhesion 
of  the  pleural  layers  is  more  satisfactory  than  the  presence  of 
isolated  bands  of  adhesion,  for  in  the  former  case,  movement,  and 
the  irritation  to  which  movement  gives  rise,  are  more  limited. 
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(B)  The  Pleural  Cavities.— The  formation  of  adhesions 
between  the  pleural  layers  obliterates  the  pleural  cavity  to  a 
corresponding  extent,  and  this  of  itself,  as  has  just  been  said,  is 
relatively  anaccompanied  by  respiratory  modification.  But  the 
case  is  different  when  the  pleural  layers  are  separated,  for  then 
respiration  is,  as  a  rule,  profoundly  altered.  Separation  of  the 
pleural  layers  may  depend  upon  the  presence  between  them  of 
liquid  or  of  air;  we  therefore  have  to  consider  (1)  pleural  effusior, 
and  (2)  pneumothorax.  Afterwards  a  few  words  will  be  said 
concerning  (3)  absorption  from  the  pleural  cavity. 

(1)  Pleural  Effusion. — An  effusion  into  the  pleural  cavity  is 
generally  either  the  result  of  inflammation,  when  the  fluid  may 
be  serous  or  purulent  (empyema),  or  the  result  of  venous  con- 
gestion, when  it  is  always  serous.  One  of  the  best-marked 
examples  of  an  inflammatory  effusion  is  frequently  seen  in  cases 
of  pulmonary  tuberculosis,  and  is  called  forth  by  the  irritation  of 
the  pleura  by  hard  sub-pleural  tubsrcles.  Of  the  same  nature  is 
the  pleural  effusion  that  often  accompanies  the  presence  of  new- 
growths  in  the  lung  or  the  thoracic  wall ;  the  fact  that  in  these 
•cases  the  exudation  is  commonly  h{Bmorrhagic  is  unimportant 
pathologically,  though  highly  important  diagnostically.  Empye- 
mata  are  typical  inflammatory  effusions,  and  are  commonly 
sequels  of  some  definitely  inflammatory  condition  of  the  lung, 
especially  lobar  pneumonia  or  its  representative  in  children.  In 
their  causation  M.  pneumonicB  plays  a  prominent  part.  Pleural 
effusions,  the  result  of  venous  congestion,  are  best  seen  in  the 
case  of  cardiac  disease  and  those  morbid  conditions  which  are 
liable  to  be  accompanied  by  hypostatic  congestion  of  the  lungs. 
Besides  these  causes  of  pleural  effusion,  it  must  also  be  mentioned 
that  rupture  of  blood-vessels,  whether  aneurysmal  or  healthy, 
whether  as  the  result  of  disease  or  of  injury,  may  fill  the  pleural 
cavity  with  blood.  Bare  conditions,  such  as  that  in  which  a 
hydatid  cyst  ruptures  into  the  pleural  cavity,  do  not  call  for 
special  remark. 

The  effects  of  a  pleural  effusion  upon  respiration  are  brought 
about  by  the.  pressure  which  that  effusion  exerts ;  the  nature  of 
the  effusion  itself  is  practically  of  no  importance.  Not  so, 
however,  the  rapidity  with  which  the  effusion  is  poured  out.  In 
this  respect  the  pleural  and  pericn.rdial  cavities  are  closely 
.analogous.  It  has  already  been  shown  that  the  rapid  outpouring 
of  150-200  c.c.  of  blood  into  the  pericardial  cavity,  as  the  result 
of  rupture  of  an  intra-pericardial  aneurysm  or  rupture  of  the 
heart  wall,  causes  profound  ^and  fatal)  modification  of  cardiac 
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function,  whereas  gradual  accumulation  of  serous  fLnid  may  go 
on  for  weeks,  and  until  it  is  measured  by  pints,  with  far  less  serious 
results.  The  same  is  true  of  the  respiratory  function  when  the 
pleural  cavities  are  involved,  though,  of  course,  the  amounts  of 
fluid  concerned  in  this  case  are  greater,  and  the  constitutional 
disturbance  is  generally  less.  But,  nevertheless,  sudden  effusion 
of  blood  or  outpouring  of  inflammatory  effusion  causes  a  re- 
spiratory distress  which  is  not  seen  in  the  case  of  chronic  effusion 
until  a  far  larger  quantity  of  fluid  has  collected  in  the  pleural 
cavity. 

A  pleural  effusion  quickens  respiration  and  renders  it  shallow. 
This  result  is  due  to  two  causes :  first,  the  pressure  exerted  by 
the  fluid  on  the  lung;  second,  the  pressure  exerted  on  the 
heart. 

In  the  case  of  the  lungs,  a  distinction  must  be  made  between 
the  lung  on  the  same  side  as  the  effusion  and  the  lung  on  the 
other  side.  For  though  the  thorax  is  usually  spoken  of  as  one 
cavity,  the  soHd  mediastinal  tissues  divide  it  into  two,  more  or 
less,  independent  cavities.  Hence  pressure-changes  occurring  in 
one'pleural  cavity  are  to  a  certain  extent  shut  off  from  the  rest  of 
the  thorax,  and  the  effects  of  a  localised  pleural  effusion  are 
different  in  the  case  of  the  two  lungs. 

On  the  unaffected  side  respiratory  movements  are  intensified, 
and  the  lung  undergoes  hyper-distension  owing  to  the  necessity 
which  has  arisen  for  an  increased  activity  of  the  sound  organ. 
On  the  affected  side  the  pressure  exerted  by  the  fluid  leads  to  an 
airless  and  bloodless  condition  of  the  lung  (carnification) ,  which 
is  more  or  less  extensive  according  to  the  amount  of  fluid  and  the 
pressure  which  it  exerts,  and  which  may  therefore  be  confined  to 
a  few  lobules,  or  may  involve  the  whole  lung.    In  the  latter  cas« 
the  lung  Hes  close  to  the  spinal  column,  and  is  hardly  recognisable 
as  lung  at  all.    On  this  side,  too,  respiratory  movements  are 
impaired  and  may  be  absent,  and  auscultation  shows  that  air 
enters  the  lung  less  freely  than  normal,  or  not  at  all.  Neverthe- 
less, the  whole  lung  on  the  affected  side  is  not,  as  a  rule,  rendered 
functionless ;  the  upper  lobe  commonly  partakes  of  that  hyper- 
distension  which  occurs  on  the  sound  side.    Where  both  pleural 
cavities  are  the  seat  of  effusion,  both  lungs  are  in  part  collapsed, 
in  part  hyper-distended  ;  thus,  it  is  common  after  death  from 
cardiac  failure  to  find  the  pleural  cavities  containing  one  or  two 
pints  of  fluid,  the  bases  of  both  lower  lobes  collapsed,  and  the 
upper  lobes  hyper-distended  or  even  emphysematous.    How  far 
the  hyper-distension  of  lung  is  able  to  compensate  for  the  lung 
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tissue  which  has  been  rendered  functionless,  depends  upon  the 
amount  of  effusion,  the  rapidity  with  which  that  effusion  has 
been  poured  out,  and,  especially,  upon  the  condition  of  the 
pulmonary  tissue  which  is  called  upon  for  extra  exertion.  It 
follows,  therefore,  that  the  degree  to  which  respiration  is 
quickened  and  rendered  shallow  by  a  pleural  effusion  depends 
upon  these  same  factors. 

In  the  case  of  the  heart,  the  effects  of  a  pleural  effusion  are 
obscure,  but  they  must  be  of  great  importance.  For  not  only  is 
the  heart  displaced  whenever  a  considerable  effusion  takes  place 
into  either  pleural  cavity,  but  also  the  alteration  of  intra-thoracic 
pressure  must  interfere  with  normal  filling  of  the  heart,  and  the 
compression  of  lung  on  the  affected  side  must  interfere  with 
passage  of  blood  through  the  corresponding  pulmonary  capillaries. 
It  would  not  be  advisable  to  discuss  here  the  methods  in  which 
these  factors  may  act,  for  the  whole  question  is  very  complicated. 
But  that  the  dyspnoea  accompanying  a  considerable  pleural  effusion 
is  largely  of  cardiac  origin,  is  amply  proved  by  the  fact  that  re- 
spiration is  immediately  relieved  by  giving  exit  to  the  fluid,  though 
it  is  certain  that  the  compressed  lung  tissue  does  not  resume  its 
normal  function  till  much  later,  and  in  some  cases  does  not  resume 
it  at  all. 

The  cyanosis  which  often  accompanies  pleural  effusion  calls 
for  no  special  remark  ;  it  is  partly  of  cardiac,  partly  of  pulmonary 
origin. 

(2)  Pneumothorax. — In  pneumothorax  the  visceral  and  parietal 
layers  of  pleura  are  separated  by  air,  and  the  normal  negative 
intra-pleural  pressure  is  replaced  by  atmospheric  or  even  by  a 
positive  pressure.  The  essential  factors  concerned  in  the  produc- 
tion of  pneumothorax  are  the  elasticity  of  lung  tissue  and  the 
intra-pleural  "negative  pressure.  If  in  a  healthy  person  the 
pleural  cavity  is»by  any  means  brought  into  direct  connection 
with  the  atmosphere,  the  pressures  inside  and  outside  the  pleural 
cavity  are  immediately  equalised  by  the  elastic  contraction  of 
the  whole  lung.  Moreover,  since  it  is  owing  to  the  existence  of 
a  negative  intra-pleural  pressure  that  air  enters  the  lung  with 
normal  inspiration,  it  follows  that  respiratory  movements  become 
valueless  so  far  as  the  affected  side  of  the  thorax  is  concerned, 
and  that  the  lung  on  this  side  takes  no  further  part  in  respiration. 
Hence,  in  a  moment,  an  enormous  increase  of  work  is  thrown 
upon  the  unaffected  lung,  with  the  result  that  onset  of  the 
pneumothorax  is  accompanied  by  agonising  dyspnoea ;  and  since 
even  the  dyspnoeic  breathing  of  one  lung  is  unable  to  fully 
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compensate  for  the  fimctionless  condition  of  the  other,  there  is 
intense  cyanosis.  Besides  these  symptoms,  those  attributable  to 
profound  shock  are  present  also. 

Such  symptoms  as  have  just  been  described  as  occurrmg  m  a 
healthy  person  on  the  production  of  a  pneumothorax  are  not, 
however, -always  seen  in  disease.    Tor  if,  as  is  very  generally  the 
case  pneumothorax  supervenes  during  the  course  of  pulmonary 
tuberculosis,  it  may  happen  that  so  much  of  the  lung  has  become 
bound  down  to  the  chest  wall  as  the  result  of  antecedent  pleurisy, 
that  contraction  of  the  lung  to  undistended  volume  cannot  take 
place.    Under  these  circumstances  formation  of  a  pneumothorax 
may  be  unaccompanied  by  any  important  symptoms.  Usually, 
however,  some  condition  intermediate  between  these  two  extremes 
IS  met  with,  and  in  the  cases  definitely  recognised  durmg  hfe  as 
pneumothorax,  a  sudden  onset  of  dyspnoea  with  cyanosis,  severe 

pain,  and  shock  is  noted. 

Though  the  symptoms  accompanying  pneumothorax  are,  m  the 
large  majority  of  cases,  far  more  severe  than  those  accompanying 
pleural  effusions,  owing  to  the  suddenness  with  which  pneumo- 
thorax is  produced  and  the  extent  of  lung  which  it  often  involves, 
there  is  a  general  similarity  between  the  effects  of  the  two  condi- 
tions.   This  is  especially  noticeable  when  the  air  m  the  pleural 
cavity  is  under  pressure,  for  then  the  heart  may  be  as  greatly 
displaced  as  it  is  m  cases  of  large  pleural  effusion.  Considerable 
displacement  of  the  heart  is  also  seen  when  the  mtra-pleural 
pressure  is  merely  atmospheric  owing  to  the  traction  exerted  by 
the  other  lung.    It  is  necessary  to  note,  however,  that  m  cases 
where  the  pericardium  has  become  closely  attached  to  the  thoracic 
wall  or  to  the  pleura  as  the  result  of  antecedent  inflammation, 
displacement  of  the  heart  cannot  take  place. 

The  chief  causes  of  pneumothorax  are  rupture-of  the  wall  of 
a  superficial  vomica,  bursting  of  an  empyema  into  a  bronchus 
laceration  of  the  lung  by  a  fractured  rib,  penetratmg  wounds  of 
the  chest  wall.    The  actual  distress  accompanying  any  of  these 
accidents  varies  considerably ;  in  the  case  of  a  fractured  rib  or 
of  a  penetrating  wound  of  the  chest  wall,  it  is  almost  always  very 
great,  not  only  because  the  patient's  pleurae  are  commonly  healthy, 
and  therefore  the  whole  of  one  lung  suffers  contraction,  but  also 
because  the  pneumothorax  is  liable  to  be  comphcated  by  intra- 
pleural hemorrhage  from  laceration  of  the  lung.    If  pyogenetic 
micro-organisms  have  gained  access  to  the  pleural  cavity,  the 
pneumothorax  is  likely  to  become  converted  into  a  pyopneumo- 
thorax.   Indeed,  in  most  instances,  it  is  a  pyopneumothorax 
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from  the  first,  for  pulmonary  tuberculosis  and  empyema  account 
for  an  overwhelming  majority  of  the  cases  of  pneumothorax.  It 
is  mainly  in  surgical  cases  that  one  meets  with  a  pure  pneumo- 
thorax, and  then  it  does  not  usually  remain  so  for  long,  since 
inflammatory  changes  take  place  in  the  pleura,  whether  they  go 
on  to  the  formation  of  pus  or  not. 

The  question  whether  the  pressure  within  a  pneumothorax  is 
atmospheric,  or  is  positive,  depends  upon  the  nature  of  the  open- 
ing into  the  pleural  cavity.  If  the  opening  is  free  and  not 
valvular,  air  enters  and  leaves  the  pleural  cavity  by  the  opening 
with  each  respiration,  and  the  intra-pleural  pressure  is  therefore 
atmospheric.  But  if  the  opening  is  valvular,  and  of  such  a  kind 
that  it  allows  entrance  of  air  into  the  pleural  cavity  with  inspira- 
tion, but  is  a  bar  to  its  exit  during  expiration,  air  collects  in  the 
pleural  cavity  until  the  pressure  which  it  exerts  upon  the  valve  is 
sufficient  to  prevent  further  entrance  of  air.  When  we  remember 
the  force  exerted  by  the  inspiratory  muscles,  it  is  clear  that  the 
pressure  that  can  thus  be  produced  in  the  pleural  cavity  may  be 
very  considerable. 

The  ]nost  important  experimental  work  upon  pneumothorax 
of  recent  years  has  been  done  by  Eodet  and  Pourrat,  Kodet  and 
Nicolas,  Aron,  Sackur,  and  Bard.  Eodet  and  Nicolas  found  that 
the  composition  of  a  gas  injected  into  the  pleural  cavity  undergoes 
rapid  modification.  Thus  they  found  that  the  gas  in  the  pleural 
cavity  twenty-two  minutes  after  injecting  pure  GO^,  consisted  of 
8-4  per  cent.  COg,  18-2  per  cent.  0,  78-4  per  cent.  N.  They  con- 
cluded that  the  change  is  due  to  diffusion  between  the  gas  in  the 
pleura  and  the  gases  of  the  blood,  not  the  intra-alveolar  gases. 
For  when  they  introduced  atmospheric  air  into  the  pleural  cavity 
and  caused  the  animal  to  inhale  oxygen,  they  found  no  marked 
increase  in  the  oxygen  content  of  the  intra-pleural  air.  Bard 
believes  that  so  long  as  the  communication  between  lung  and 
pleural  cavity  is  free,  the  intra-pleural  pressure  is  positive  (60-80 
mm.  HjO)  during  inspiration  and  expiration,  and  that  the  pressure 
is  closely  bound  up  with  the  elasticity  of  the  lung.  If  the 
communication  is  obliterated  the  intra-pleural  pressure  soon 
becomes  again  negative. 

(3)  Absorption  from  the  Pleural  Cavity. — A  lung  that  has 
suffered  contraction  as  the  result  of  pneumothorax,  or  has  been 
compressed  either  in  this  way  or  by  a  pleural  effusion,  is  not 
necessarily  injured  permanently.  If  a  negative  pressure  becomes 
again  established  in  the  pleural  cavitj'-,  before  inflammatory 
and  other  changes  have  had  time  to  damage  the  lung  tissue 
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irretrievably,  the  lung  again  expands  with  the  inspiratory  move- 
ment of  the  chest  wall  and  resumes  its  function.  Whether  this 
fortmiate  termination  obtains  or  no,  depends  upon  a  number  of 
circumstances,  of  which  the  lengtli  of  time  during  which  the 
lung  has  remained  functionless,  and  the  pressure  to  which  it 
has  been  exposed,  are  among  the  most  important. 

If  the  lung  is  to  resume  its  function  this  can  only  be  brought 
about  by  closure  of  the  pleural  opening  and  removal  of  the  air  or 
liquid  in  the  pleui-al  cavity.    Putting  on  one  side  aid  given  by 
surgical  means,  removal  of  the  air  or  liquid  is  carried  out  by  a 
process  of  absorption.    Eemoval  of  fluid  from  the  pleural  cavity 
has  already  been  discussed  sufficiently  along  with  absorption  of 
fluids  generally  (pp.  220  and  fob),  and  it  has  been  seen  that  it 
takes  place  certainly  by  way  of  the  lymphatics,  and  probably 
also,  in  some  instances,  by  way  of  the  blood-vessels.  With 
regard  to  the  removal  of  air,  there  is  no  doubt  that  absorption 
takes  place  from  the  healthy  pleural  cavity  with  extraordinary 
rapidity ;  but  whether  the  air  is  removed  by  a  process  of  simple 
diffusion,  as  is  generally  beUeved,  is  as  uncertain  as  it  is  in  the 
analogous  case  of  pulmonary  collapse.    When  the  pleura  is  not 
healthy,  as  in  most  cases  of  pneumothorax  occurring  in  the  course 
of  disease,  it  is  in  the  highest  degree  probable  that  absorption 
does  not  take  place  with  the  same  degree  of  rapidity.  Upon 
this  point  we  have  no  definite  experimental  evidence ;  neverthe- 
less, the  fact  that  pneumothorax  in  which  the  contained  air  is 
under  considerable  pressm-e   is  a  fairly  common  pathological 
condition,  whereas  it  is  almost  impossible  to  produce  experiment- 
ally a  pneumothorax  of  this  description  in  an  animal  with  healthy 
pleural  membranes,  owing  to  the  rapidity  with  which  the  air  is 
absorbed  after  its  introduction  into  the  pleural  cavity,  is  strong 
evidence  in  this  direction. 

II.  Effects  of  Chang-es  in  Respiratory  Movements  upon 
Respiration.— Since  respiration  is  essentially  a  muscular  act, 
interference  with  any  of  the  muscles  concerned  in  respiration  is 
of  importance  in  considering  the  pathology  of  respiration.  It  is 
astonishing,  too,  how  many  parts  that  have  no  primary  connec- 
tion with  respiration  are  indirectly  concerned  in  the  act.  Thus, 
one  cannot  easily  consider  the  perinseal  structures  as  respiratory, 
and  yet  any  inflammatory  process  going  on  in  this  region,  e.g.  an 
ischio-rectal  abscess,  often  has  a  profound  though  indirect  effect 
upon  respiration,  rendering  it  shallower  and  more  rapid  than 
normal,  owing  to  the  pain  caused  by  compression  of  the  inflamed 
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tissues  when  a  considerable  descent  of  the  diaphragm  takes  place. 
For  the  same  reason  the  breathing  becomes  largely  of  a  costal 
type.  In  the  case  of  peritonitis,  a  respiratory  modification  of  this 
kind  is  even  more  marked,  so  that  a  complete  absence  of  dia- 
phragmatic breathing  becomes  an  important  diagnostic  sign  of 
the  condition.  In  the  cases  mentioned,  the  altered  type  of 
breathing  is  induced  to  a  large  extent  unconsciously  on  the  part 
of  the  patient,  but  that  it  is  principally  the  pain  which  leads  him  to 
make  the  change  is  shown  by  the  fact  that,  if  he  be  put  deeply 
under  the  influence  of  opium,  diaphragmatic  breathing  is  generally 
resumed.  Nevertheless  pain,  as  such,  does  not  aftbrd  the  whole 
explanation,  for  a  patient  with  generalised  peritonitis,  though  in 
a  condition  of  profound  shock  (or  more  j^rohsJoly  because  he  is  in 
such  a  condition),  may  be  unconscious  of  pain,  and  yet  his  breath- 
ing is  purely  costal,  very  rapid,  and  very  shallow.  So  that  it 
must  be  concluded  that  the  passage  upwards  of  afferent  impulses 
inhibits  diaphragmatic  action,  whether  those  impulses  affect 
consciousness  or  not.  In  some  cases  of  peritonitis  the  change  is 
no  doubt  in  part  dependent  upon  the  fact  that  the  muscular 
bundles  of  the  diaphragm  themselves  share  in  the  inflammation, 
and  their  contractility  is  impaired. 

Apart  from  cases  of  this  description  in  which  respiration  is 
modified  indirectly,  there  is  a  considerable  number  of  conditions  in 
which  it  is  modified  because  of  some  alteration  in  the  bony  frame- 
work of  the  thorax  or  in  the  true  respiratory  muscles.  To  a  large 
extent  bony  and  muscular  changes  go  together,  but  in  many 
instances  they  are  independent,  or  the  one  change  is  definitely 
antecedent  to  the  other.  It  will,  therefore,  be  convenient  to  con- 
sider them  separately. 

(i)  Respiratory  Modifications  due  to  Morbid  Conditions  of 
the  Ribs  and  Dorsal  Vertebrae. — We  may  leave  entirely  on  one 
side  respiratory  modifications  seen  along  with  fracture  of  the  ribs, 
for  these  are  identical  with  the  modifications  accompanying  acute 
pleurisy  ;  indeed,  the  actual  respiratory  changes  seen  in  cases  of 
fractured  rib  are  principally  due  to  a  coincident  pleurisy.  So  also 
it  is  not  necessary  to  discuss  the  respiratory  modifications  seen  at 
times  in  cases  of  advanced  lateral  or  anterior  curvature  of  the 
spine.  For  in  these  cases  the  thoracic  capacity  is  diminished,  as  it 
is  in  cases  of  pleural  effusion  (though  much  more  gradually),  and 
the  mobihty  of  the  chest  wall  is  impaired,  so  that  respiration 
undergoes  similar  changes,  and  becomes  shallower  and  more  fre- 
quent than  normal.  But  there  still  remain  conditions  in  which 
the  chest  wall  is  more  rigid  than  normal,  and  in  which,  therefore, 
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enlargement  of  the  thorax  with  inspiration,  and  diminution  in 
size  with  expiration,  are  impaired. 

The  chief  conditions  in  which  increased  rigidity  of  the  chest 
wall  is  seen,  are  bid  age  and  emphysema.    In  the  case  of  old  age, 
the  change  is  a  primary  one,  and  chiefly  consists  in  that  calcifica- 
tion of  the  costal  cartilages  which  is  a  natural  accompaniment  of 
old  age.    In  health,  lessened  mobility  of  the  ribs  produced  in  this 
way  Ts  relatively  unimportant,  for  a  greater  capacity  of  the  thorax 
can  easily  be  obtained  by  a  slightly  deeper  descent  of  the  dia- 
phragm.   But  in  disease  this  immobihty  of  the  thorax  may 
become  extremely  important.    For  whether  the  particular  malady 
affects  the  lungs  or  not,  the  increased  respiratory  exertion  induced 
by  the  diminished  mobility  of  the  thorax  is  a  cause  of  exhaustion  ; 
and  when,  as  is  so  commonly  the  case  in  old  persons,  the  lungs 
themselves   are   primarily  or  secondarily  involved,  diminished 
mobility  of  the  chest  wall  may  play  a  highly  important  part  m 
bringing  about  a  fatal  termination,  or,  at  any  rate,  m  retarding 

convalescence.  ■     -u      ^  ' 

In  emphysema  the  thorax  assumes  a  characteristic  '  barrel 
shape.    The  concavity  forwards  of  the  vertebral  column  m  the 
dorsal  region  becomes  increased,  the  normal  obhque  position  of 
the  ribs  is  exchanged  for  a  more  nearly  horizontal  one,  and  the 
mobility  of  the  ribs  themselves  is  diminished.    The  reason  ot 
these  changes  hes  in  the  increased  volume  of  the  lungs  m  emphy- 
sema, the  expiratory  dyspnoea  which  that  condition  induces,  and 
the  relative  chronicity  of  the  whole  disease.    The  thoracic  change 
is  therefore  secondary  to  the  pulmonary  change,  though  it  runs 
on  parallel  hues.    The  effect  upon  respiration  of  the  altered  shape 
and  mobihty  of  the  chest  wall  in  emphysema  is  insigmficant  com- 
pared with  the  effect  of  the -emphysema  which  calls  it  forth  but 
in  advanced  stages  of  the  disease  the  additional  difficulty  placed 
in  the  way  of  respiration  becomes  of  great  practical  importance. 

(ii)  Respiratory  Changes  due  to  Abnormal  Action  of 
Respiratory  Muscles.— Respiratory  modifications  due  to  mechani- 
cal interference  ^  with  action  of  the  diaphragm  and  intercostal 
muscles  do  not  call  for  more  than  brief  mention  here,  though, 
chnically.  they  are  of  considerable  importance  owmg  to  the 
-  From  the  observations  made  by  Fit.  on  large  numbers  of  individuals  unac- 
customed to  wear  constricting  dress,  it  appears  that  j^^^^.^f  ^^^W^^n^^^^ 
of  respiration  of  civilised  men  and  women  depends^upon  the  fact  - dis  wona^^^^ 
constricts  her  abdomen,  and  impedes  descent  of  her  diaphragm  Whei  eUns  not 
the  case,  respiration  is  about  equally  balanced  between  the  costal  muscles  and  the 
diaphragm,  and  little  or  no  difference  is  observable  betsveen  the  modes  of  respiration 
in  the  two  sexes. 
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distress  which  they  occasion  the  patient.  The  chief  conditions 
that  embarrass  respiration  in  this  way  are  ascites,  tympanites, 
presence  of  an  intra-abdominal  growth,  and  all  allied  abdominal 
conditions.  They  act  partly  by  direct  encroachment  upon  the 
thoracic  cavity,  partly  by  offering  an  abnormal  resistance,  to 
descent  of  the  diaphragm  during  its  inspiratory  contraction,  and 
probably  to  a  very  considerable  extent  by  way  of  the  vascular 
embarrassment  to  which  they  give  rise,  and  the  production  of  a 
cardiac  dyspnoea. 

Besides  mechanical  interferences  with  respiration  of  this 
nature,  there  are  also  those  due  to  developmental  defects  in  the 
diaphragm,  and  inflammatory  conditions  of  the  intercostal 
muscles.  Such  are  congenital  absence  of  part  of  the  diaphragm, 
and  the  invasion  of  intercostal  muscles  by  Trichina  spiralis 
(Cohnheim).    These  conditions  do  not  call  for  further  remark. 

Of  quite  a  different  order  are  respiratory  modifications  due  to 
paralysis  of  the  true  respiratory  muscles.  Here  we  omit  mention 
of  paralyses  leading  to  inhalation-pneumonia,  for  they  have 
already  received  sufficient  attention  ;  we  are  only  concerned  with 
paralysis  of  the  intercostal  muscles  and  the  diaphragm. 

Paralyses  of  respiratory  muscles  are  probably,  in  all  cases, 
primarily  nervous.  Sometimes  the  nervous  affection  is  clear,  as, 
for  example,  when  paralysis  follows  some  injury  or  other  surgical 
affection  involving  the  spinal  cord ;  but  in  other  instances— for 
example,  Landry's  acute  ascending  paralysis — though  implication 
of  the  nervous  system  cannot  be  doubted,  histological  examina- 
tion has  hitherto  failed  to  demonstrate  any  nerve  changes. 
Besides  the  examples  just  given,  respiratory  disorders  follow 
whenever  the  intercostal  muscles  or  diaphragm  become  involved 
in  such  paralytic  conditions  as  progressive  muscular  atrophy, 
diphtheritic  paralysis,  and  lead-palsy, 

In  cases  of  this  description  the  extent  to  which  respiration  is 
altered  depends  upon  the  number  of  muscles  involved  and  the 
degree  to  which  they  are  affected.  When  the  spinal  cord  is 
injured  above  the  origin  of  the  phrenic  nerves,  death  necessarily 
and  immediately  follows,  but  a  lesion  below  the  origin  of  these 
nerves  is  not  incompatible  with  life.  On  the  other  hand,  in  pro- 
gressive muscular  atrophy,  the  paralytic  condition  of  respiratory 
muscles  is  less  complete,  but  it  affects  both  intercostal  muscles 
and  diaphragm.  The  patient  with  this  disease  does  not  die 
because  all  his  respiratory  muscles  are  completely  paralysed,  but 
because  the  impaired  respiratory  movements  have  allowed  the 
supervention  of  some  inflammatory  condition  in  the  lung,  with 
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which  the  weakened  respiratory  apparatus  is  unable  to  cope. 
Concerning  the  characters  of  the  respiration  in  those  different 
cases  it  is  unnecessary  to  speak. 

Closely  allied  with  paralytic  affections  of  the  true  respiratory 
muscles  are  those  in  which  the  extraordinary  muscles  of  respira- 
tion are  affected.  Thus  in  primary  progressive  myopathic 
(pseudo-hypertrophic)  paralysis  and  in  the  atrophic  form  of  the 
same  disease  (Erb's  paralysis)  the  pectorales  major  and  minor, 
the  serrati,  the  infra-  and  supra-spinati,  the  trapezii,  and  other 
muscles  become  paralysed  and  wasted,  with  the  result  that  pul- 
monary affections  assume  a  proportionately  greater  importance. 
Indeed,  pulmonary  affections  are  the  commonest  causes  of  death 
in  aU  cases  in  which  there  is  impairment  of  the  musculature 
concerned  in  respiration,  whether  ordinary  or  extraordinary. 

Lastly,  a  word  must  be  said  concerning  respiratory  modifica- 
tion occurring  in  cases  of  hemiplegia.    When,  for  example,  a 
cerebral  apoplexy  interferes  with  the  passage  of  nervous  impulses 
between  one  half  of  the  body  and  the  opposite  cerebral  cortex, 
there  is  no  doubt  that  the  corresponding  half  of  the  diaphragm 
and  the  respiratory  muscles  on  the  corresponding  side  must  be 
affected.    But  owing  to  the  law  that  those  muscles  which  are 
normally  used  in  concert  recover  soonest  and  most  completely 
after  a  paralytic  stroke  (probably  because  they  are  innervated 
from  both  cerebral  hemispheres),  hemiplegia  is  not  accompanied 
by  the  changes  that  one  might  at  first  expect.    It  is  only  m  the 
rarest  instances,  and  very  early  after  the  attack,  that  the  inter- 
costal muscles  on  the  affected  side  are  seen  to  be  completely 
paralysed.    According  to  Grawitz,  however,  it  is  very  common  to 
meet  with  a  retarded  expansion  of  the  chest  on  the  affected  side, 
even  during  unconsciousness,  but  this  is  only  temporary.  The 
actual  changes  in  respiration  observed  when  a  paralytic  patient 
is  unconscious  after  an  attack  are  therefore  different  from  those 
occurring  with  definite  paralysis  of  intercostal  muscles  such  as  is 
seen  in  fracture  of  the  lower  cervical  or  upper  dorsal  vertebrte. 
The  respirations  are  slow  and  very  deep,  while  the  passage  of  air 
over  the  pendulous  and  paralysed  soft  palate  causes  the  charac- 
teristic '  stertorous  breathing*  of  unconsciousness.    The  altered 
rate  and  depth  of  respiration  in  these  cases  depend  upon  an 
altered  condition  of  the  respiratory  centre,  and  not  upon  altereil 
muscular  action  as  such. 

III.  Respiratory  Modifications  due  to  Circulatory  Disorders. 

We  shall  not  refer  in  dc^tail  to  the  respiratory  modifications 
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resulting  from  impaction  of  an  embolus  derived  from  the  sys- 
temic  {e.g.  uterine)  veins  in  a  main  branch  of  the  pulmonary 
artery,  for  they  practically  consist  only  in  an  intensely  rapid  and 
a  deepened  respiration  until  the  patient  is  moribund;  immediately 
before  death  they  become  sighing  in  character  and  infrequent. 
The  circulatory  changes  produced  by  a  large  pulmonary  embolism 
have  already  been  mentioned  (p.  115)..  We  shall  therefore  pass 
at  once  to  consideration  of  the  respiratory  distress  that  is  so  com- 
mon a  symptom  in  cardiac  disease ;  it  will  then  be  convenient  .to 
discuss  the  pathology  of  renal  dyspnoea  and  heat  dyspnoea,  though, 
strictly  speaking,  they  do  not  come  under  the  same  heading. 

Though  the  attacks  of  respiratory  distress  occurring  in  cardiac 
disease  and  in  ursRmia  are  often  spoken  of  as  '  cardiac  asthma ' 
and  'renal  asthma,'  and  though,  in  urfemia  particularly,  the 
symptoms  may  bear  a  marked  resemblance  to  those  of  an  attack 
of  spasmodic  or  bronchial  asthma,  it  is  necessary  to  distinguish 
the  conditions  very  sharply.  For  this  reason  the  terms  '  cardiac 
dyspnoea  '  and  '  renal  dyspnoea  '  will  alone  be  used. 

(i)  Cardiac  Dyspnoea. — Cardiac  disease  is  accompanied  by 
modified  respiration,  both  in  its  earlier  and  in  its  later  stages; 
but  the  pathology  of  the  respiratory  changes  is  different  in  the 
two  cases. 

In  early  cardiac  disease,  shortness  of  breath  is  one  of  the 
most  constant  symptoms,  but  it  only  shows  itself  when  the 
patient  is  undergoing  muscular  exertion  (as  when  he  is  walking 
fast,  or  uphill),  or  when  the  heart  beats  rapidly  from  some 
mental  cause,  such  as  fright.  The  shortness  of  breath  in  these 
early  cases  of  heart  disease  hardly  amounts  to  dyspnoea  ;  it  is 
better  described  as  '  tachypnoea,'  for  the  rate  of  respiration  is  the 
main  factor  changed. 

Tachypnoea  upon  exertion  in  early  cardiac  disease  is  com- 
parable with  the  increased  frequency  of  respiration  seen  in  a 
healthy  person  when  undergoing  muscular  exertion,  only  it  is 
called  forth  more  readily.  We  might  consider  that  the  readiness 
with  which  tachypnoea  occurs  in  a  cardiac  patient  depends  upon 
the  fact  that  the  impaired  cardiac  function  does  not  allow  the 
blood  to  be  brought  to  the  lungs  with  sufficient  rapidity  to  ensure 
a  proper  oxygenation.  That  is  to  say,  we  might  consider  the 
tachypnoea  as  compensatory  for  an  impaired  action  of  the  heart. 
This  may  be  so  in  part,  but  it  cannot  be  the  whole  explanation. 
For,  in  the  first  place,  the  rate  of  heart-beat  in  such  cardiac 
patients  is  itself  disproportionately  increased  by  slight  exertion  ; 
and,  in  the  second  place,  the  amount  of  oxygen  which  a  given 
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volume  of  blood  can  take  up  is  practically  constant  and  inde- 
pendent of  the  amount  of  oxygen  presented  to  the  ha^moglobm, 
so  long  as  sufficient  oxygen  is  presented  for  its  saturation. 

Now,  the  air-passages  being  free  in  cases  of  shght  or  early 
cardiac  disease,  and  the  amount  of  oxygen  in  the  lungs  being 
even  with  a  normal  rate  of  respiration,  far  m  excess  of  that 
required  for  saturation  of  the  haemoglobin  in  the  pulmonary 
blood  we  cannot  believe  that  the  increased  frequency  of  respira- 
tion is  called  forth  by  a  deficient  oxygenation  of  the  pulmonary 
blood ;  and  it  is  impossible,  for  many  reasons,  to  imagine  that  it 
TS  directed  to  a  hyper-oxygenation  of  the  pulmonary  blood  by 
increasing  the  tension  of  oxygen  in  the  blood-plasma.  Moreover, 
we  have  no  reason  to  think  that  a  smaher  amoimt  of  blood  than 
normal  is  passing  through  the  lungs  in  a  given  time,  especially 
a«  the  rate  of  heart-beat  is  increased  to  a  disproportionate  extent. 
It  is,  therefore,  very  difficult  to  regard  the  tachypnoea  as  com- 
pensatory. .     ,  . 

The  true  explanation  seems  to  lie  in  the  nervous  relationships 
of  the  heart  and  lung  functions.    Both  heart  and  lungs  are  sup- 
plied by  the  vagus,  and  the  respiratory  and  cardio-mhibitory 
centres  are  in  close  anatomical  and  physiological  relationship 
with  one  another.    Both  centres  are  normally  dependent  upon 
the  degree  of  aeration  of  the  blood,  both  are  readily  affected  by 
afferent  impulses  reaching  them  from  distant  parts  of  the  body. 
Though  independent  of  one  another  in  a  sense,  they  are  very 
Hable  in  ordinary  life  to  be  called  into  play  simultaneously,  and 
the  alteration  in  rate  of  action  that  is  commonly  called  for  is  in 
the  same  direction  in  both  organs,  whether  it  be  quickenmg,  as 
during  muscular  exercise,  or  slowing,  as  during  rest.    This  is  well 
shown  by  the  remarkable  constancy  with  which  the  normal  ratio 
between  rate  of  heart-beat  and  rate  of  respiration  (3-4  :  1)  is 
maintained  in  health,  and  the  few  diseases  m  which  it  is  disturbed 
This  being  the  case,  it  is  probable  that  the  tachypnoea  of 
early  cardiac  disease  is  an  associated  rather  than  a  compensatory 
change.    Normally,  when  the  rate  of  heart-beat  is  increased,  the 
rate  of  respiration  is  increased  also,  because  both  conditions  are 
required.    A  contracting  system  of  muscles,  for  example  requires 
a  greater  amount  of  blood,  and  forms  a  greater  amount  of  carbonic 
add;  therefore  the  heart  must  beat  more  rapidly  and  more 
forcibly  to  supply  the  muscles  and  to  carry  the  vitiated  blood  to 
the  lungs,  and  the  lungs  must  be  inflated  more  often,  otherwise 
the  more  rapid  flow  of  blood  through  them  would  mean  its 
deficient  oxygenation.    But  the  nervous  system,  by  which  these 
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associated  changes  are  regulated,  is  not  able  to  distinguish  between 
the  rapid  action  of  a  normal  healthy  heart  and  the  rapid  action 
of  a  diseased  heart,  and  therefore  it  throws  into  play  the  respira- 
tory centre,  and  increases  the  rate  of  respiration  whenever  the 
diseased  heart  acts  rapidly.  And  since,  owing  to  purely  cardiac 
causes,  this  is  of  frequent  occurrence,  shortness  of  breath  becomes 
one  of  the  most  constant  symptoms  of  cardiac  disease.  But  the 
symptom  is  associated,  not  compensatory. 

In  late  cardiac  disease  the  case  is  different.  Here  we  have 
not  only  tachypnoea,  but  also  definite  dyspnoea.  Here,  too,  the 
rate  of  heart  action  is  by  no  means  always  increased,  often  it  is 
diminished.  But  whether  the  rate  of  beat  is  increased  or  dimi- 
nished, the  force  of  individual  beats  is  always  less  than  normal 
owing  to  failure  of  the  right  ventricle,  and  the  lungs  are  engorged 
with  blood.  Hence,  in  late  cardiac  disease  there  is  no  doubt  that 
the  velocity  of  blood-flow  through  the  lungs  is  greatly  diminished. 
The  lungs,  too,  are  oedematous,  and  the  available  area  for  oxygena- 
tion of  blood  is  diminished  also,  for  the  alveoli  are  partly  filled 
with  fluid.  Therefore,  in  late  cardiac  disease,  when  the  heart  is 
failing,  the  increased  rate  of  respiration  is  not  associated  as  it  is 
in  early  disease  ;  but,  as  the  cyanosis  shows,  it  is  compensatory, 
and  due  to  a  deficient  aeration  of  the  blood.  It  is  as  distinctly  an 
equilibrating  disorder  of  respiration  as  is  the  dyspnoea  occurring 
in  stenosis  of  the  larynx. 

Frangois-Franck  investigated  the  subject  of  cardiac  dyspnoea 
from  the  experimental  side.  He  found  that  every  abnormal 
irritation  of  the  aorta  or  heart  may  provoke  reflex  respiratory 
phenomena.  These  may  be  spasmodic,  or  inhibitory,  or  acceleratory, 
according  to  the  kind  of  irritation.  They  are  often  accompanied 
by  spasm  of  larynx,  bronchi,  or  pulmonary  vessels  if  the  dyspnoea 
is  of  medium  severity ;  if  the  dyspnoea  is  very  slight  and  respira- 
tion is  quickened,  or  if  there  is  complete  arrest  of  respiration, 
spasm  of  bronchi  or  of  pulmonary  vessels  does  not  occur.  Ac- 
cording to  this  author,  therefore,  the  dyspnoea  of  late  cardiac 
disease  has  marked  analogies  with  spasmodic  asthma.  The  only 
effect  of  a  valve  lesion  appears,  from  his  experiments,  to  be  an 
intensification  of  phenomena  which  can  well  be  called  forth  in 
the  absence  of  a  valve  lesion. 

(ii)  Renal  LyspncBa. — Renal  dyspnoea  is  even  more  com- 
plicated in  its  pathology  than  cardiac  dyspnoea.  In  some  cases 
it  may  be  essentially  a  dyspnoea  of  late  cardiac  disease,  for  it  has 
repeatedly  been  stated,  in  the  preceding  images,  that  the  later 
symptoms  in  renal  disease  of  the  fibrotic  variety  are  often  purely 
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cardiac.  But  in  uraemia  there  is  frequently  a  dyspncea  which  is 
not  of  cardiac  origin.  This  variety  of  dyspnoea  has  distinctly 
more  resemhlance  to  spasmodic  asthma  than  the  dyspnoea  observed 
in  cardiac  disease.  Thus,  it  is  often  paroxysmal,  and  sometimes 
especially  affects  expiration.  In  most  cases  of  uraemia,  hov^^ever, 
there  is  a  hissing  tachypnoea,  in  which  the  rate  of  respiration  is 
markedly  increased  without  any  particular  modification  of  either 
inspiration  or  expiration.  As  to  the  pathology  of  uraemic  dyspnoea, 
we  are  very  uncertain.  We  are  bound  to  conclude  that  it  depends 
upon  an  altered  constitution  of  the  blood,  and  it  is  probable, 
bearing  in  mind  the  frequent  occurrence  of  epileptiform  con- 
vulsions in  uremia,  that  it  is  brought  about  by  action  of  the 
altered  blood  upon  nervous  centres,  but  more  than  this  cannot  be 
said  at  present.  In  particular,  it  is  unknown  how  far  it  may 
depend  upon  alterations  in  the  lungs,  whether  oedema  similar  to 
that  which  sometimes  affects  the  larynx  in  acute  renal  disease,  or 
muscular  spasm  similar  to  that  which  is  regarded  as  being  the 
cause  of  spasmodic  asthma. 

(iii)  Heat  Dyspnoea.— Heat  dyspnoea,  properly  so  called,  is  a 
phenomenon  which  is  seen  to  a  marked  extent  in  animals  that 
have  been  exposed  to  high  external  temperatures.  There  is  some 
uncertainty  with  regard  to  its  pathology,  though  there  is  no  doubt 
that  the  increased  frequency  of  respiration  has  for  its  object  an 
increased  heat  loss.  Most  authors  maintain  that  it  depends  upon 
the  fact  that  overheated  blood  reaches  the  respiratory  or  thermic 
centres,  but  Sihler  maintains  that  increased  warmth  of  the  skin, 
and  not  increased  warmth  of  the  blood,  is  the  effective  factor. 
Thus  he  found  that  whereas  an  animal -with  severed  spinal  cord, 
and  therefore  with  poor  cutaneous  circulation,  when  exposed  to 
external  warmth,  suffered  a  rise  of  1°  C.  in  body  temperature, 
and  increased  his  respiration  by  25  per  cent.,  a  normal  animal, 
exposed  in  the  same  way  to  external  warmth,  increased  his  rate 
of  respiration  by  800  per  cent.,  though  at  the  same  time  his  body 
temperature  did  not  rise  at  all.  The  accelerated  respiration  of 
hyperthermia  is  essentially  a  heat  dyspnoea,  and  probably  the 
increased  frequency  of  respiration  in  fever  is  of  the  same  nature  ; 
but  on  this  point  we  cannot  be  so  certain,  owing  to  the  presence 
of  toxic  substances  in  the  blood  in  febrile  diseases.  Eeference 
has  already  been  made  (p.  416)  to  the  effects  of  supplying  the 
brain  and  spinal  cord  with  experimentally  heated  blood. 

IV.  Respiratory  Moditlcations  due  to  Morbid  Conditions  of 

the  Blood. — Though,  of  course,  pathological  modifications  of 
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respiration  fundamentally  depend  upon  a  deficient  aeration  of 
the  blood  (using  the  expression  in  the  broadest  possible  sense),  it 
is  only  when  some  morbid  condition  of  the  red  corpuscles  is 
present  that  the  blood  itself  can  be  primarily  inculpated ;  hence, 
as  a  matter  of  fact,  morbid  conditions  primarily  affecting  the 
blood  form  a  minority  among  the  causes  of  disordered  respira- 
tion, if  we  may  eliminate  from  this  category  the  respiratory 
changes  in  febrile  conditions.  With  this  exception,  all  primary 
morbid  conditions  of  the  blood  leading  to  disordered  respiration 
act  by  way  of  anaemia. 

The  respiratory  modifications  seen  in  anaemic  conditions,  when 
the  patient  is  at  rest,  are  not,  as  a  rule,  dyspnoeic.  Respiration  may 
be  slightly  increased  in  frequency,  but  the  principal  effect  of  the 
aneemia  is  a  tachypnoea  on  exertion,  and  this  may  undoubtedly 
be  distressful.  Nevertheless,  in  extreme  cases  of  anaemia,  such, 
for  example,  as  that  seen  after  profuse  haemorrhage,  the  'air- 
hunger  '  may  be  intense,  and  the  respirations  panting.  If, 
however,  the  patient  is  moribund,  respirations  are  likely  to  be 
infrequent  and  sighing  in  character. 

The  pathology  of  breathlessness  in  anaemia  having  been 
considered  elsewhere  (p.  177),  it  is  unnecessary  to  advert  to  the 
question  here. 

V.  The  Effects  of  Abnormality  of  the  Respired  Air.— The 

alterations  that  may  be  undergone  by  the  air  presented  for 
respiration  are  innumerable,  for  they  include  all  conditions  from 
respiration  of  rarefied  air  to  respiration  of  abnormal  gases,  such 
as  nitrous  oxide,  chloroform-vapour,  ether-vapour,  &c.,  adminis- 
tered in  order  to  produce  anaesthesia.  There  is,  therefore,  no 
limit  to  the  length  at  which  this  section  might  be  discussed. 
Nevertheless,  the  chief  pathological  effects  of  alterations  in  the 
respired  air  are  due  to  a  deficient  oxygenation  of  the  blood,  aided, 
in  some  cases,  by  the  direct  effects  of  some  constituent  gas  having 
irritating  or  poisonous  properties. 

(i)  Deficiency  of  Oxygen. — The  effects  of  gradually  dimi- 
nishing the  amount  of  oxygen  in  air  do  not  become  manifest 
until  the  amount  of  oxygen  present  has  been  reduced  from  the 
normal  21  per  cent,  to  about  12  per  cent.,  and  even  then  the 
only  symptom  recognisable  is  a  sHght  increase  in  depth  of  respi- 
ration. '  At  10  per  cent,  the  respirations  are  distinctly  deeper 
and  more  frequent,  and  the  lips  become  slightly  bluish.  At 
8  per  cent,  the  face  begins  to  assume  a  leaden  colour,  though  the 
distress  is  still  not  great.    With  5  or  6  per  cent,  there  is  marked 
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panting,  and  this  is  accompanied  by  clouding  of  the  senses  and 
loss  of  power  over  the  limbs,  which  would  probably  end  sooner 

or  later  in  death   When  air  containing  less  than  1  or  2 

per  cent,  of  oxygen  -is  breathed,  loss  of  consciousness,  without 
any  distinct  previous  warning  symptom,  occurs  within  about 

forty  or  fifty  seconds  Loss  of  consciousness  is  quickly 

succeeded  by  convulsions,  which  are  followed  by  cessation  of  the 
respirations.  The  heart  still  continues  to  beat,  in  the  case  of  cats 
and  dogs,  for  from  two  to  eight  minutes.'  ^ 

The  pathological  conditions  in  man  with  which  these  experi- 
mental reductions  in  the  amount  of  oxygen  in  the  air  may  be 
compared,  are  {a)  '  mountain-sickness,'  and  the  symptoms  often 
observed  by  aeronauts,  (b)  the  effect  of  inhaling  carbon  monoxide, 
which  Haldane's  investigations  have  shown  to  be  the  principal 
cause  of  death  in  colliery  explosions. 

In  all  these  cases,  though  there  are  great-  differences  in  the 
manner  of  its  production,  the  final  result  is  the  same,  and  consists 
in  a  deficient  oxygenation  of  the  blood,  using  that  term  in  a  broad 
sense, 

(a)  Moimtain-sicJcness.—Monnta,m-sickr\ess  has  at  different 
times  been  ascribed  to  different  causes,  of  which  the  chief— heart- 
failure,  fatigue,  indigestion,  diminished  barometric  pressure,  depri- 
vation of  oxygen— are  fully  discussed  by  Allbutt  in  his '  System  of 
Medicine.'    In  this  article  Allbutt  expresses  his  adherence  to  the 
view  that  deprivation  of  oxygen  is  the  essential  factor,  though  he 
points  out  that  the  other  alleged  causes  undoubtedly  play  an 
important  part  in  determining  the  particular  altitude  at  which 
the  disorder  shall  show  itself.    The  highest  altitude  that  has 
been  attained  without  symptoms  of  mountain-sickness  is  16,500 
feet.    At  this  altitude  the  oxygen  tension  in  the  atmosphere 
corresponds  to  an  oxygen  tension  of  about  10  per  cent,  at  sea 
level,  so  that  there  is  a  remarkable  agreement  between  practical 
experience  in  mountaineering  and  the  result  of  diminishing  the 
amount  of  oxygen  in  the  air  used  for  respiration  by  direct  experi- 
ment, as  described  above.    Haldane  and  Lorrain  Smith  bring 
forward  evidence  to  show  that  the  symptoms  caused  by  diminution 
in  the  oxygen  tension  of  the  air  breathed  are  due  to  a  fall  in  the 
oxygen  tension  reached  by  the  blood  in  the  lungs,  and  not  to 
diminution  in  the  quantity  of  oxygen  carried  by  the  blood  from 
the  lungs.    They  find  that  in  birds  and  mice,  under  pressures  of 
one-third  to  one-quarter  of  an  atmosphere,  the  oxygen  tension  in 

'  Haldane's  Eeport  to  the  Secretary  of  State  for  the  Home  Department  on  the 
'  Causes  of  Death  in  Colliery  Explosions,  189(),'  p.  15. 
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the  arterial  blood  leaving  the  lung,  though  lower  than  normal,  is 
still  high  enough  to  saturate  the  haemoglobin  almost  completely, 
even  when  the  animal  is  at  the  point  of  death.' 

(h)  Poisoning  with  Carbon  Monoxide. — Inhalation  of  carbon 
monoxide  produces  symptoms  which  are  in  many  respects  simi- 
lar to  those  of  mountain-sickness.  Thus  the  principal  symptoms 
consist  in  dizziness,  weakness  of  the  legs,  dimness  of  sight,  palpi- 
tation following  any  extra  exertion ;  as  in  mountain-sickness, 
severe  headache,  nausea  and  vomiting  also  occur,  though  they  are 
seen  especially  in  patients  recovering  after  a  more  or  less  length- 
ened exposure  to  the  gas.  Gradual  inhalation  of  the  gas,  as  when 
the  amount  present  is  not  great  (•1--2  per  cent.),  is  accompanied 
by  very  little  actual  distress,  owing  to  the  insidious  manner  in 
which  carbon  monoxide  produces  its  effects.  Haldane  has  pointed 
out  that  in  colliery  explosions  the  position  of  the  bodies  gives 
evidence  that  death  has  been  peaceful. 

The  effects  of  inhaling  carbon  monoxide  are  chiefly  produced 
as  a  result  of  the  fact  that  the  affinity  of  this  gas  for  haemoglobin 
is  about  250  times  as  great  as  that  of  oxygen.  When,  therefore, 
the  blood  is  exposed  to  a  mixture  of  these  two  gases,  carboxy- 
haemoglobin  is  formed  until  the  tension  of  carbon  monoxide 
in  the  blood  corresponds  with  the  tension  of  the  gas  in  the 
atmosphere.  Air  containing  -1  per  cent,  of  carbon  monoxide 
causes  the  blood  to  become  about  half  saturated  with  this  gas. 
Since  carboxyhcemoglobin  is  useless  for  respiratory  purposes,  the 
final  result  of  respiring  air  containing  this  percentage  of  carbonic 
monoxide  is  the  same  as  if  the  oxygen  tension  of  the  air  breathed 
had  been  reduced  by  half.  In  the  case  of  colliery  explosions,  the 
greatest  percentage  saturation  of  the  victims'  blood  with  carbon 
monoxide  found  by  Haldane  was  about  80  per  cent. 

(ii)  Increase  of  Carbon  Dioxide. — Inhalation  of  carbonic  acid 
gas  has  well-marked  effects  upon  respiration.  In  a  series  of 
careful  experiments,  Haldane  and  Lorrain  Smith  found  that  it 
causes  no  appreciable  symptoms  until  it  constitutes  3-4  per  cent, 
of  the  inspired  atmosphere,  but  at  that  point  it  causes  a  sHght 
deepening  of  respiration ;  6  per  cent,  causes  panting  and  some 

'  'Caisson'  disease,  which  occurs  in  those  who  have  been  exposed  to  increased 
barometric  pressure  of  air  (e.g.  persons  engaged  in  tunnelling  operations),  and  mani- 
fests itself  when  they  again  become  exposed  to  atmospheric  pressure,  is,  according  to 
Snell,  rather  due  to  insufficient  ventilation  than  to  decompression.  But  there  are 
certain  points  concerned  with  its  incidence  which  are  difficult  to  explain  on  this 
supposition.  Especially  so  is  the  fact  that  '  caisson '  disease  shows  a  much  greater 
liability  to  affect  persons  above  the  age  of  45  years  than  those  below  the  age  of  25 
years.    (Snell,  Compressed  Air  Illness  or  so-called  '  Caisson  '  Disease,  1896.) 
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headache ;  with  7-8  per  cent,  panting  is  very  distressing,  and 
with  10-11  per  cent,  respiratory  distress  is  extreme ;  higher  per- 
centages seem  to  have  an  anesthetic  effect.  The  gas  does  not 
act  only  by  dihiting  the  oxygen,  but  is  distinctly  poisonous  for 
the  symptoms  mentioned  are  seen  when  the  normal  percentage 
of  oxygen  in  the  air  is  fully  maintained,  and  even  when  it  is 
definitely  increased. 

In  connection  with  increase  of  carbonic  acid  m  an  atmosphere, 
the  effects  of  breathing  air  that  has  already  been  used  for  respira- 
tion must  briefly  be  considered. 

There  is  no  doubt  that  breathing  air  which  has  been  repeatedly 
used  for  respiration  causes  a  considerable  discomfort,  which  shows 
itself  principally  by  increased  frequency  of  respiration  and  by- 
frontal  headache.  Further,  the  historic  instance  of  the  Black 
Hole  of  Calcutta  is  ample  evidence  that  repeated  respiration  ot 
the  same  air  is  highly  dangerous  to  life.  _ 

It  is  certain  that  other  substances  besides  carbonic  acid  (ex- 
halations from  the  bodies  of  individuals,  &c.)  collect  m  a  badly 
ventilated  room  in  which  persons  are  congregated,  and  to  these, 
as  well  as  to  the  carbonic  acid  itself,  Haldane  and  Lorram  Smith 
ascribe  the  frontal  headache  ;  the  increased  frequency  of  respira- 
tion they  ascribe  almost  entirely  to  the  carbomc  acid  alone  But 
they  maintain  that  the  air  of  the  closest  dwelling-room-though, 
a  source  of  discomfort-is  not  an  immediate  source  of  danger  to 
hfe    For  they  found  that  the  amount  of  carbonic  acid  that  can 
be  borne  without  discomfort  (much  less,  danger)  by  breathmg 
respired  air  from  which  smell  is  absent,  is  ten  to  twenty  times  as 
great  as  the  amount  present  in  the  worst  ventilated  Imng-rooni. 

With  regard  to  the  cause  of  immediate  danger  m  repeated 
respiration  of  the  same  air,  there  are  two  distinct  views  :  (1)  that 
of  Hermans  and  of  Haldane  and  Lorram  Smith,  who  beheve  that, 
the  danger  hes  solely  in  excess  of  carbonic  acid  and  deficiency  of 
oxygen  :  (2)  that  of  Brown-Sequard  and  D'Arsonval,  who  main- 
tain that  the  danger  is  due  to  the  presence  of  some  toxic  subs  ance 
of  undefined  nature,  but  other  than  carbonic  acid,  m  air  that  has 

been  used  for  respiration.  ,  .  .  .  ■  t 

Brown-Sequard  and  D'Arsonval  concluded  from  a  series  of 
experiments  that  respiration  adds  to  air  a  toxic  substaiice  other 
than  carbonic  acid,  which  is  a  direct  menace  to  ife.  They  kept 
rabbits  in  an  atmosphere  which  was  constantly  renewed,  but 
which  consisted  of  air  that  had  been  respired  by  other  rabbits. 
The  animals  almost  invariably  died  after  a  longer  or  shorter  time, 
whereas  animals  which  breathed  the  same  air,  after  it  had  been 
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passed  through  sulphuric  acid,  survived.  They  concluded  that 
expired  carbonic  acid  has  no  part  in-the  poisonous  quahty  of 
respired  air.  \- 

These  experiments,  however,  are  not  fully  convincing.  For 
an  undiscovered  leak  through  v/hich  fresh  air  reached  the  animals 
that  survived,  and  ov^ing  to  v^hich  they  did  not  receive  the  same 
amount  of  previously  respired  air  as  the  animals  that  died,  would 
explain  the  whole  experiment  from  the  points  of  view  of  Haldane 
and  Lorrain  Smith.  And  even  if  this  possibility  were  excluded, 
there  is  no  evidence  that  it  was  the  products  of  respiration  that 
killed  certain  of  the  rabbits,  rather  than  accidental  putrefactive  and 
other  gaseous  products,  such  as  are  present  in  all  cages  in  which 
animals  are  confined.  Moreover,  several  authors  have  repeated 
the  various  experiments  of  Brown-Sequard  and  D'Arsonval,  but 
have  failed  to  obtain  similar  results.  It  is,  therefore,  safer  to 
conclude  at  present  that  the  danger  of  breathing  air  that  has  been 
repeatedly  used  for  respiration  lies,  not  in  the  fact  that  it  contains 
some  specific  poison,  but  in  its  excess  of  carbonic  acid  and  its 
deficiency  of  oxygen. 

It  is  important  in  this  connection  to  note  that  symptoms  are 
more  readily  called  forth  by  increase  of  carbonic  acid  in  the  air 
breathed  than  by  a  dnninution  of  oxygen  ;  3-4  per  cent,  increase 
of  carbonic  acid  produces  the  same  effects  upon  respiration  as 
about  9  per  cent,  diminution  of  oxygen.  It  follows,  from  all  that 
has  gone  before,  that  excess  of  carbonic  acid  causes  panting  long 
before  there  is  serious  danger  to  the  individual,  diminution  of 
oxygen  hardly  gives  any  warning  until  the  danger  is  imminent. 

(iii)  Presence  of  Abnormal  Gaseous  Constituents. — Into  the 
respiratory  disorders  produced  by  inhalation  of  gases  such  as 
ammonia,  sulphur  dioxide,  sulphuretted  and  arseniuretted  hydrogen 
&c,  we  shall  not  enter  here.  In  some  instances  they  reduce 
oxyhgemoglobin  (e.g.  HgS) ;  in  others  they  act  by  their  direct 
poisonous  effects,  and  then  often  produce  symptoms  less  marked 
in  the  case  of  respiration  than  in  the  case  of  other  functions 
{e.g.  HgAs) ;  in  other  instances  they  act  by  their  pungent 
characters  and  produce  spasm  of  the  glottis  {e.g.  NHg) ;  in  yet 
others  they  act  by  the  production  of  bronchitis  and  broncho- 
pneumonia. Upon  the  subject  of  chloroform-  and  ether-inhalation, 
however,  a  few  words  must  be  said. 

Ghloroform-inlialation. — The  chief  point  of  discussion  in  this 
highly  contiroversial  subject  is  whether  death  from  chloroform 
depends  upon  failure  of  respiration,  as  is  held  by  Lawrie  and  the 
Hyderabad  Commissioners,  or  whether  it  depends  upon  cardiac 
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^    ■       A  ;i,-io+«+n-nn  IS  is  held  bv  most  iiivestigators,  among 

Ihore  and  Hill  mast  be  mentioned.    Smce  there  is  *  8™^;^' 
!ccorf  that  in  death  from  chloroform,  respiration  fails  first  the 
e  l  point  at  issne  resolves  itself  into  the  /^'L'^^'^ 
oUoroform  has,  or  has  not,  a  direet  effeet  upon  the  heart  Suh- 
o"e  questions,  as,  for  example,  whether  ch'°-t°™ 
vaso-motor  paralysis,  are  subjects  of  discussion  even  among  those 
who  maintain  that  the  heart  itself  IS  affected.  ,,„:„i,tered 
In  reference  to  the  question  whether  chloroform,  administerea 
as  in  ohloroform-aniesthesia,  has  a  direct  action  upon  the  heart 
mention  must  be  made  of  the   cross-crculation  experiments 
rGaskell  and  Shore.    By  an  ingenious  bat  complicated  method 
0    mlwhg  artificial  commimication  between  the  arteries  and 
the  TCfas  of  two  animals,  Gaskell  and  Shore  were  able,  by 
*:ing  chloroform  to  one   animal  or  the  other  of  the  pair  o 
fete^me  that   the   chloroform-bearing  "ood   should  supply 
ritber  the  heart  or  the  brain,  exclusive  of  the  other  oigan. 
Under  ttese  cTrcumstances  they  found  that  the  blood-pressure 
forirrapidly  when  the  heart  is  directly  supplied  with  cWoroform- 
bearinTbllod.    To  these  experiments  Lawrie  objects,  though, 
in  the  opinion  of  most  observers,  on  insufficient  grounds 

mU  hranpUed  his  work  upon  the  effects  of  gravity  on  the 
circSaliL^Theluestion.  h!  has  ^>^o™j"  — 
ausesthesia  the  'feet-down'  position  produces  a  ^hght  taU  in 
Mood  pressure  which  can  be  restored  to  the  normal  height  by 
comtesrioTof  the  abdomen.  When  chloroform-anaesthesia  is 
compressioii  ui  ^^„f  ^.n  nf  blood-pressure  takes  place 

pushed,  however,  a  very  f;^ll'l°l2  ly  oompess^n  of  the 
for  which  co'-P^f  polion     The  fall  of  blood- 

tf^:Z::Z^ltel:t:Ll  m...n.  from  that  in  the 
£o"  Since  blood-pressure  depends  upon  the  two  factors, 
tripheral  esTstance  and  output  of  the  heart,  and  the  effects  due 
rptipherTdilatation  (especially  in  the  splanchnic  area  are 
neuSsed  by  compression  of  the  abdomen,  it  follows  that  he 
ufo  bloo/pressure  with  deep  anesthesia  depends  upon  the 
fall  01  Diooa  aifferent  method,  therefore.  Hill 

To— s  the  orh'^.rtuthors  who  maintain  that  chloroform  has 

^'tf^rr^oTeTc^enti;  Embley  has  investigated  the  effect  of 
chloroform  on  the  heart  (dog)  when  isolated  from  vagus  vaso- 
motor ^d  respiratory  iufiuences,  and  found  that  it  has  an 
Tmediate  and  progressively  paralytic  action  unaccompanied  by 
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any  preliminary  stage  of  stimulation.    He  also  showed  that  the 
slowing  or  cessation  of  heart's  beat  that  is  seen  with  intact  nerves 
IS  due  to  vagus  inhibition  in  large  measure,  inasmuch  as  chloro 
form  raises  the  excitability  of  the  vagus  mechanism,  particularly 
at  the  commencement  of  administration  of  the  gas. 

Death  from  chloroform  occurs  under  two  different  conditions  ■ 
(1)  It  occurs  quite  early  in  anaesthesia,  often  long  before  the 
surgeon  has  begun  to  operate,  and  even,  in  a  few  cases  that  have 
been  recorded,  before  the  patient  has  received  any  anesthetic  at 
all;  (2)  It  occurs  in  deep  anaesthesia  when  the  patient  has  been 
unconscious  for  some  time.    The  explanation  of  the  result  under 
these  different  conditions  is  probably  not  always  the  same.  In 
those  cases  which  die  before  administration  of  the  gas  has  been 
begun,  it  is  clear  that  we  cannot  speak  of  a  '  death  from  chloroform ' 
at  all.    In  them  a  sudden  arrest  of  the  heart  must  take  place  as 
the  result  of  mental  causes^    But  in  those  cases  in  which  there 
has  been  a  definite  inhalation  of  chloroform,  the  explanation  is 
probably  the  same  and  consists  in  a  paralytic  dilatation  of  the 
heart,  though  the  immediate  methods  whereby  the  result  is 
brought  about  seem  to  be  somewhat  different.    The  first  effect  of 
administering  chloroform  to  a  conscious  individual,  especially  if 
the  amount  of  chloroform  on  the  inhaler  is  very  large,  is  struggling 
and  an  arrest  of  respiration ;  this  leads,  of  course,  to  distension 
and  dilatation  of  the  right  ventricle.    At  last  the  need  for  re- 
spiration becomes  imperative,  and  deep  inspirations  are  taken, 
by  means  of  which  the  pulmonary  blood  becomes  suddenly  exposed 
to  air  containing  a  large  amount  of  chloroform.    The  blood, 
therefore,  becomes  highly  charged  with  the  drug,  and  is,  in  that 
condition,  conveyed  to  the  myocardium  by  way  of  the  coronary 
arteries.    After  a  short  period  of  rapid  heart-beats,  which  quickly 
become  feeble,  the  heart  entirely  fails  to  contract.   In  these  cases, 
according  to  Hill,  respiration  and  pulse  cease  simultaneously,  or 
the   pulse   ceases   first.      Death,  during  deep   and  prolonged 
anassthesia  with  chloroform,  is  probably  brought  about  in  the 
same  way,  excepting  that  respiration  fails  first,  because  the  great 
fall  in  blood-pressure  produces  an  anaemic  exhaustion  of  the  re- 
spiratory centre  which  is  coupled  with  its  narcotisation.    In  the 
first  class  of  case  it  is  easy  to  understand  that  artificial  respiration 
almost  always  proves  ineffectual ;  in  the  second  class.  Hill  main- 
tains that  artificial  respiration,  if  adopted  in  time,  will  always 
resuscitate  the  patient. 

The  actual  changes  produced  by  inhalation  of  chloroform 
have  been  experimentally  examined  by  Pasini  and  Hamilton 
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Writ^ht.  Pasiiii  studied  particularly  the  myocardium  and  the 
cardiac  ganglia,  and  found  distinct  local  lesions  characterised 
chiefly  by  a  replacement  of  the  transversely  striated  muscle  by  a 
c^ranular,  more  or  less  translucent  substance.  In  the  ganghon 
cells  he  found  swelling  of  some  of  the  nuclei,  peripheral  achroma- 
tolysis,  vacuolisation,  and  other  degenerative  changes.  Hamilton 
Wright  studied  the  ganglion  cells  of  brain  and  spinal  cord,  and 
showed,  in  dogs  and  rabbits,  that  ether  and  chloroform  inhalation 
cause  the  Nissl  bodies  to  lose  their  affinity  for  methylene  blue, 
and  the  ganglion  cehs  to  present  a  rarefied  or,  in  extreme  cases,  a 
skeleton-like  appearance.  The  change  is  a  temporary  one  only ; 
it  appears  during  the  first  nine  hours  of  continuous  anaesthesia, 
and  particularly  between  the  sixth  and  ninth  hours,  but  disappears 
soon  after  cessation  of  administration  of  the  drug,  and  forty-eight 
hours  later  the  ganghon  cells  are  again  perfectly  normal.^ 

Ether-inhalation.— 'Ethev,  according  to  Hill,  has  quite  a  differ- 
ent effect  from  chloroform.    Even  when  the  blood-pjessure  falls 
considerably,  as  it  does  when  administration  of  the  drug  is  pushed, 
compression  of  the  abdomen  is  always  sufficient  to  restore  the 
blood-pressure  to  its  original  height.    In  the  case  of  ether,  there- 
fore, it  would  seem  that  the  heart  is  unaffected.    Though  it  may 
be  conceded  that  the  effects  of  ether  on  the  heart  are  far  less 
than  those  of  chloroform,  I  have  seen  numerous  unpubhshed 
tracings  taken  by  Boy  directly  from  the  ventricle,  and  these 
certainly  do  not  substantiate  the  view  that  ether  is  without  effect 
upon  the  heart,  but  yield  evidence  in  exactly  the  opposite  direction. 
These  tracings  showed  that  ether,  given  in  quantity,  dilates  and 
paralyses  the  heart  hke  chloroform,  though  much  less  readily. 

YI.  Asphyxia,  DyspncEa,  and  OrthopnoBa.— The  changes 
occurring  in  asphyxia,  dyspnoea,  and  orthopnoea  differ  from  one 
another  in  degree  rather  than  in  kind ;  it  will,  therefore,  suffice 
to  discuss  asphyxia  and  indicate  subsequently  the  differences 
which  obtain  between  it  and  the  two  other  conditions.  Certain 
points  in  connection  with  orthopnoea,  however,  will  need  special 
discussion. 

Asphyxia.— The  effects  of  asphyxia  are  seen  over  the  whole 

■  A  further  point  in  connection  with  this  question,  but  one  the  meaning  of  which 
is  uncertain,  is  that  in  cases  of  death  from  chloroform  it  is  extremely  common  to  hnd 
that  the  lymphoid  tissue  of  the  body-and  particularly  the  thymus-is  extraordmarily 
well  developed.  A  persistent  thymus  is  occasionally  found  in  ordumry  post-mortem 
examinations,  but  the  proportion  of  cases  of  death  from  chloroform  m  which  the 
thymus  is  found  persistent  and  large  is  so  considerable  that  it  almost  precludes  the 
view  that  the  two  are  merely  coincident. 
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body,  but  interest  centres  chiefly  in  the  behaviour  of  the  respira- 
tory and  the  vascular  systems ;  these  will  be  discussed  separately, 
but  very  briefly,  because  of  the  attention  bestow^ed  on  the  subject 
in  physiological  works. 

When  the  trachea  of  a  normal  animal  is  suddenly  occluded, 
the  length  of  time  that  elapses  before  respiratory  movements  show 
that  the  animal  is  in  need  of  air,  though  it  does  not  extend 
beyond  twenty  or  thirty  seconds  at  most,  varies  according  as 
occlusion  has  been  made  at  the  end  of  an  expiration  or  of  an 
inspiration.  Under  any  circumstances,  however,  the  period  of 
quietude  gives  place  to  respiratory  movements,  both  of  inspiration 
and  expiration,  which  increase  in  frequency  and  in  force  until,  at 
the  end  of  about  one  minute  from  the  time  when  the  trachea  was 
occluded,  the  animal  is  powerfully  convulsed.  At  this  time 
respiratory  movements  are  chiefly  of  the  expiratory  type,  but 
gradually  a  period  of  exhaustion  sets  in,  and  the  character  of 
respiration  changes  from  a  mainly  expiratory  to  a  mainly  inspira- 
tory type,  while  the  rate  of  respiration  diminishes.  Each  respira- 
tory efl'ort,  however,  is  accompanied  by  contraction  of  all  the 
accessory  muscles,  and  the  efforts  themselves  are  prolonged. 
From  early  in  the  second  minute,  the  animal  is  unconscious  ;  his 
sphincters  are  relaxed,  and  involuntary  passage  of  urine  and  faeces 
is  usual,  owing  to  participation  of  the  unstriped  muscle  of  bladder 
and  intestine  in  the  general  contraction  of  muscle  throughout  the 
body. 

Of  the  vascular  results  of  asphyxia,  the  acute  dilatation  of  the 
heart  and  the  consequent  cardiac  failure  have  already  been 
mentioned  at  sufficient  length  (p.  86) ;  here  we  shall  only 
consider  the  blood-vessels.  To  observe  the  vascular  changes  un- 
complicated by  respiratory  effects  it  is  necessary  to  use  a  curarised 
animal. 

If,  in  a  curarised  dog  or  rabbit,  while  a  graphic  record  is  being 
taken  of  the  general  blood-pressure,  artificial  respiration  is 
suddenly  suspended,  during  the  asphyxia  which  follows  (but 
which  is,  of  course,  unattended  by  muscular  movements),  the 
following  changes  are  noted.  The  blood-pressure  begins  to  rise 
almost  immediately,  and  rises  steadily  and  rapidly  until  it  has 
reached  a  point  far  above  the  normal.  During  the  earliest 
portion  of  the  rise  the  excursions  corresponding  to  the  heart-beats 
are  somewhat  quickened,  but  very  soon  they  become  slower  than 
normal,  and  much  more  forcible.  After  the  blood-pressure  has 
reached  its  maximum  it  begins  to  fall,  rapidly  at  first,  but  more 
gradually  after  it  has  repassed  the  normal  and  approximates  to 


ASPHYXIA 


683 


zero  During  the  early  part  of  the  fall,  the  tracing  shows  that 
heart-heats  are  still  forcible  and  infrequent,  but  soon  this  gives 
place  to  an  increased  rapidity  with  diminished  force,  which  m  its 
turn  is  followed  by  an  infrequency  and  generally  an  irregularity 
of  beat  with  still  further  diminished  force.  By  this  time  the 
animal  is  very  near  death,  but,  as  a  rule,  re-estabhshment  of 
artificial  respiration  is  sufficient  to  bring  about  a  rapid  recovery  of 
blood-pressure,  however  low  it  has  fallen,  so  long  as  the  heart  has 
not  actually  ceased  to  beat.  During  some  portion  of  the  whole 
curve  given  by  the  blood-pressure  in  asphyxia— roughly  speaking, 
over  the  middle  three-fifths— the  rhythmic  Traube-Hering  curves 

are  observable.  . 

In  an  animal  that  is  not  under  the  influence  of  curare  the 
blood-pressure  curve  in  asphyxia  is  modified  by  the  effect  of  the 
respiratory  movements,  but  the  rise,  of  pressure  seen  under  normal 
circumstances  with  inspiration  is,  in  asphyxia,  replaced  by  a 

fall.  .     .  , 

The  venous  blood-pressure  during  asphyxia  rises  enormously 
under  any  circumstances,  but  the  rapidity  with  wliich  the  rise 
occurs  is  greater  in  a  non-curarised  animal  owing  to  the  power- 
ful effect  produced  by  the  convulsive  movements  upon  the  venous 

blood-flow.  - 

In  the  production  of  these  changes— respiratory,  cardiac,  and 
vascular-it  is  a  Httle  difficult  to  decide  the  relative  importance 
of  the  excess  of  carbonic  acid  and  the  deficiency  of  oxygen 
which  result  from  asphyxia.    There  can  be  no  doubt,  however, 
that  the  early  respiratory  distress  and  the  violent  respiratory 
movements  are  essentially  due  to  overchargmg  of  the  blood  with 
carbonic  acid ;  but  the  fact  that  whereas  ordmary  venous  b  ood 
still  yields  the  spectroscopic  bands  of  oxyhEemoglobm  the  blood 
in  asphyxia  does  not,  shows  that,  in  the  later  stages  of  suffocation 
deficiency  of  oxygen  must  play  a  highly  important  part.  And 
yet  there  is  really  no  change  from  begmmng  to  end  that  cannot 
be  explained  as  the  result  of  a  definite  poisoning  by  carbonic  acid. 
Overcharging  of  the  blood  with  carbonic  acid  leads  to  respiratory 
distress,  because  venous  blood  is  one  of  the  most  potent  stimuh 
to  activity  of  the  respiratory  centre ;  it  leads  to  a  rise  o  blood- 
pressm:e  because  it  induces  vaso-constnction  throughout  the  body 
(but  especially  in  the  splanchnic  area)  by  stimulating  the  vaso- 
motor centre  ;  it  causes  the  early  slowing  and  strengthening  of 
the  heart-beat  by  stimulating  the  cardio- inhibitory  centre,  and  the 
later  increased  frequency  with  feebleness  of  beat  by  paralysing 
the  cardio-inhibitory  centre  and  impairing  the  contractile  power 
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of  the  cardiac  muscle  ;  it  causes  unconsciousness  by  the  ansesthetic 
effects  which  it  produces  when  in  a  high  degree  of  concentration. 
The  most  that  can  be  directly  ascribed  to  deficiency  of  oxygen  is 
a  share  in  causing  the  unconsciousness,  the  i^anting,  and  the  con- 
vulsions ;  but  even  here  deficiency  of  oxygen  simply  takes  up  and 
carries  on  a  work  that  has  already  been  commenced  by  excess  of 
carbonic  acid.  And  yet,  in  the  actual  production  of  the  fatal 
event,  we  cannot  but  believe  that  deficiency  of  oxygen  is  as  im- 
portant as  excess  of  carbonic  acid.' 

Byspnma. — Dyspnoea  is  really  nothing  more  than  a  prolonged 
and  subacute  form  of  asphyxia,  and  as  a  result  the  respiratory 
and  vascular  changes  are  similar  to  those  of  asphyxia,  though 
they  run  a  less  stormy  course.  In  the  case  of  vascular  changes, 
it  is  only  necessary  to  diminish  the  supply  of  air  to  a  curarised 
animal,  instead  of  completely  suspending  artificial  respiration, 
for  the  similarity  of  the  changes  in  dysx^noea  and  in  asphyxia  to 
become  evident ;  the  rise  of  arterial  and  venous  blood-pressures, 
the  evidence  of  vagus  action  on  the  heart,  the  Traube-Hering 
curves,  the  final  fall  in  arterial  blood-pressure,  appear  as  in 
asphyxia,  though  it  may  take  hours  to  produce  the  same  differ- 
ences as,  in  asphyxia,  are  produced  in  minutes  or  less. 

In  a  period  of  very  moderate,  and  therefore  very  prolonged, 
dyspnoea,  the  initial  rise  of  arterial  blood-pressure  may  not  be 
seen,  owing  to  the  fact  that  COg  does  not  accumulate  in  the 
blood  in  sufficient  quantity  to  legid  to  a  general  vaso-constriction 
of  the  splanchnic  area.  In  such  cases  the  blood-pressure  curve  is 
maintained  at  a  normal  level  for  a  long  time.  But  the  insufficient 
aeration  of  the  blood,  aided  by  other  causes,  impairs  the  efficiency 
of  the  cardiac  muscle,  so  that  ultimately  the  blood-pressure  falls 
as  in  more  acute  cases,  and  once  it  has  begun  to  fall,  it  continues 
to  do  so  far  more  rapidly  than  might  at  first  have  been  expected. 
The  degree  of  dyspnoea  has  a  marked  effect  upon  the  duration 
and  the  height  of  the  rise  of  blood-pressure,  but  far  less  effect 
upon  the  length  of  time  it  takes  for  the  blood-pressure  to  fall  to 
zero,  once  the  fall  has  commenced. 

'  In  the  case  of  curarised  dogs,  after  intra-vascular  injection  of  diphtheria  toxin, 
suspension  of  artificial  respiration  frequently  does  not  lead  to  a  rise  of  blood-pressure, 
though  the  effects  of  vagus  action  are  generally  seen.  This  would  seem  to  indicate  that 
diphtheria  toxin  has  some  special  effect  in  these  cases  upon  the  vaso-motor  centre,  or 
upon  the  muscular  walls  of  arterioles.  The  observation  is  of  interest  in  view  of  the 
fact  that  laryngeal  diphtheria  leads  to  a  dyspncea  frequently  amounting  almost  to 
asphyxia.  If,  as  is  probable,  the  rise  of  blood -pressure  in  asphyxia  is  to  be  regarded  as 
being  protective  in  nature,  it  would  appear  that  diphtheria  not  only  tends  to  produce 
asphyxia,  but  also  tends  to  abolish  one  of  the  protective  means  whereby  certain  of  its 
ill  effects  are  minimised. 
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So  far  as  cardiac  changes  are   concerned,  the  ventricular 
dilatation  seen  in  asphyxia  also  occurs  in  dyspnoea  though  to  a 
less  marked  extent.    The  processes,  however,  whereby  the  dilata- 
tion is  brought  about  in  the  two  cases  are  probably  different ; 
his  question  has  already  been  sufficiently  discussed  along  with 
the  Pathology  of  the  Heart  (p.  84  and  fol.).     The  respiratory 
changes  of  dyspnc^a  may  involve  both  inspiration  and  expiration 
to  a  nearly  equal  extent,  but  the  differences  between  the  modes  of 
respiration  in  bilateral  paralysis  of  the  posterior  crico-arytenoid 
r^uscles  and  in  emphysema,  show  that  dyspnoea  may  be  either 
^ZZl^  of  an  mspn-atory,  or  principally  of  an  expiratory  type^ 
Eeference  has  already  been  made  to  the  change  m  type  of 
respiration  during  the  later  stages  of  asphyxia    Eespiration  is 
almost  invariably  quickened  in  dyspnoea,  and  often  to  a  very  con- 
siderable extent ;  thirty  to  forty  respirations  per  minute  is  a  very 

common  rate.  .    ,       -i-  j.  „„„ 

Orthopnca}--ln  many  cases  of  dyspnoea,  respiratory  distress 

is  so  much  greater  when  the  patient  is  lying  down  than  when  he 
is  sitting  up,  that  he  adopts  the  latter  position;  dyspnoea  of  this 
description  is  usually  described   under   the   special   name  of 
'orthopncea.'    The  position  adopted  by  the  patient  varies  m 
different  cases,  so  that  the  term  is  not  etymologically  applicable 
to  all  the  conditions  to  which  it  is  commonly  applied.  His 
dyspnoea  varies  from  a  condition  in  which  complete  rehe  is  given 
by  placing  an  additional  pillow  beneath  his  shoulders  to  condi- 
tions in  which  he  finds  maximum  rehef-but  is  still  intensely 
dyspnoeic-when  sitting  perfectly  upright,  or  even  leaning  some- 
what forward.     It  is  convement   to   divide   orthopnoea  into 
'partial'  and  '  complete,'  according  as  the  angle  formed  by  the 
patient's  back  with  the  horizontal  plane  is  less  than  or  greater 

Orthopnoea  may  show  itself  with  dyspnoea  arising  from  any 
cause  .  g  cardiac  disease,  renal  disease,  emphysema,  spasmodic 
asthma,  pleural,  pericardial,  and  peritoneal  effusions,  pulmonary 
embolism,  acute  bronchiolitis,  pneumothorax,  --^^  ° 
aortic  ar^h,  angina  pectoris,  &c.  Mere  tachypnoBa  without 
respiratory  distress  is  generally  unaccompamed  by  or^-pna3a 
thus  patients  suffering  from  croupous  pneumoma  or  widely 
dissemmated   pulmonary  tuberculosis    are    rarely  orthopnceic. 

St  on  fi.,...  cases  that  ™  in  the  .a.as 

of  St.  George's  Hospital. 
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Perhaps  owing  to  the  relative  prevalence  of  aortic  valvular 
disease  in  men,  and  the  frequency  with  which  aortic  regurgitation 
is  associated  with  orthopnoea,  the  condition  is  more  commonly 
seen  in  men  than  in  women. 

The  following  are  striking  clinical  points  in  connection  with 
orthopnoea:  (1)  The  onset  of  orthopnoea  is,  in  the  large 
majority  of  cases,  quite  sudden,^  the  patient  being  forced  to  sit 
upright  owing  to  the  sudden  supervention  of  a  sensation  of 
impending  suffocation.  (2)  Most  cases  of  orthopnoea  are  com- 
plete from  the  very  first. ^  (3)  Once  a  patient  has  become  in  any 
degree  orthopnoeic,  the  condition  frequently  advances,  but  rarely 
recedes  ;  ^  it  follows  from  this,  that  though  partial '  orthopnoea 
may  become  (and  often  does  become)  complete,  it  is  very  uncom- 
mon for  complete  orthopnoea  to  become  partial.  To  this  state- 
ment spasmodic  asthma,  when  uncomplicated  by  permanent  and 
advanced  changes  in  the  right  ventricle,  offers  an  exception,  for 
though  the  patient  is  completely  orthopnoeic  during  attacks,  in 
the  intervals  he  is  commonly  able  to  adopt  a  normal  horizontal 
position  when  in  bed.  (4)  Speaking  generally,  the  angle  with 
the  horizontal  plane  assumed  by  the  patient  approximates  more 
to  a  right  angle  as  the  degree  of  dyspnoea  is  greater.  Hence 
follows  the  corollary,  that,  as  a  general  rule,  patients  in  whom 
the  orthopnoea  is  partial,  suffer  no  respiratory  distress  (though 
they  may  still  be  tachypnoeic)  when  resting  at  the  particular 
angle  which  they  assume ;  for  if  at  this  particular  angle  they 
experienced  distress,  they  would  assume  a  more  nearly  perpen- 
dicular position.  In  the  case  of  complete  orthopnoea  there  may 
not  be  respiratory  distress,  but  usually  distress  is  great. 

The  pathology  of  orthopnoea  is  greatly  obscured  by  the  fact 
that,  in  the  majority  of  cases,  both  heart  and  lungs  are  involved, 
so  that  it  becomes  difficult  to  decide  whether  the  dyspnoea  is 
primarily  of  cardiac  or  primarily  of  pulmonary  origin.  Probably, 
in  the  large  majority  of  cases,  the  actual  onset  of  orthopnoea 
is  accompanied  by  a  sudden  dilatation  of  the  right  ventricle, 
whether  that  depends  upon  antecedent  pulmonary  conditions  or 
not.  In  favour  of  this  view  are  the  observations  that  the  onset 
of  orthopnoea  is  markedly  sudden,  and  that  in  nearly  80  per  cent, 
of  my  cases  in  which  an  autopsy  was  made  (twenty-two  cases), 
the  right  ventricle  was  found  greatly  dilated,  while  in  a  similar 

'  In  my  cases  the  proportion  of  those  with  sudden  onset  to  those  with  gradual 
onset  was  7:1. 

*  In  my  cases  the  propoi'tion  of  those  beginning  as  complete  to  those  beginning 
as  partial  was  2  :  1, 

'•'  In  only  five  of  my  cases  did  an  orthopncta  recede. 
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percentage  of  cases  examined  only  during  life,  cardiac  dulness 
was  extended  to  the  right  of  its  normal  limits. 

Bat,  as  might  be  expected,  it  is  exactly  in  patients  with  dila- 
tation of  the  right  ventricle  that  one  meets  with  oedema  of  the 
hmgs,  hydrothorax,  pulmonary  collapse,  &c.,  and  it  is  impossible 
to  decide  the  extent  to  which  these  conditions  are  responsible 
for  the  orthopnoea.  Nevertheless,  cases  of  pulmonary  embolism 
are  extremely  important  in  this  connection,  for  in  them  the 
cardiac  condition  is  clearly  one  of  acute  dilatation  of  the  right 
ventricle,  and  there  is  no  question  that  the  orthopnoea  is  of 
cardiac  and  not  of  pulmonary  origin.  In  the  opposite  direction 
croupous  pneumonia  is  equally  important,  for  here  there  is  no 
orthopnoea,  and  the  right  heart  is  not  acutely  dilated. 

But  though  I  think  that  orthopnoea  is  generally  an  indica- 
tion of  a  sudden  dilatation  of  the  right  ventricle,  some  cases  are 
certainly  not  susceptible  of  this  explanation.  For  in  a  small 
percentage  of  cases,  evidence  of  cardiac  enlargement  is  completely 
wanting.  It  appears  certain,  however,  that  for  the  occurrence  of 
orthopnoea,  cardiac  action  must,  in  some  way  or  other,  be  impeded  ; 
pulmonary  and  other  diseases,  in  which  the  heart  is  not  mVolved 
secondarily  and  considerably,  are  not  accompanied  by  orthopnoea. 

Perhaps  the  most  curious  feature  of  orthopnoea  is  the  posture 
itself     In  all  diseases  accompanied  by  pain  or  distress,  excepting 
those  leading  to  orthopnoea,  the  patient  commonly  experiences 
most  relief  when  lying  down,  and  sitting  up  is  a  sign  of  convales- 
cence   But  here  the  exact  converse  is  the  case.    That  the 
orthopnoeic  patient  sits  up  because  he  experiences  most  rehet 
in  that  position  is  a  truism,  but  it  is  not  quite  easy  to  deter- 
mine how  this  position  gives  him  rehef.    Probably  it  does  so,  m 
part,  by  lessening  upward  pressure  of  the  abdommal  viscera  on 
the  diaphragm  ;  in  part,  because  the  action  of  gravity  on  the 
circulation,  as  pointed  out  by  Hill,  tends  in  the  '  feet-down 
position  to  empty  the  heart,  and  therefore  to  reheve  cardiac  dis- 
tension; and  in  part,  because  the  shoulders  are  thrown  back 
when  taking  a  deep  inspiration,  and  this  action  is  less  impeded 
in  the  upright  position  than  in  the  horizontal  position. 

VII  Cheyne-Stokes  Respiration.— The  peculiar  respiratory 
modification,  known  by  the  names  of  Cheyne  and  Stokes,  consists 
in  a  periodic  waxing  and  waning  of  respiration.  The  cycle, 
commences  with  infrequent  and  almost  imperceptible  respira- 
tions which  gradually  become  deeper  and  more  rapid,  until  there 
is  produced  a  condition  of  positive  dyspnoea  with  very  burned 
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and  deep  breathing  ;  this,  in  its  turn,  gradually  gives  place  to 
shallow  and  infrequent  movements,  ending  in  a  complete  pause 
The  duration  of  the  ascending  and  descending  phases  is  about 
the  same,  and  the  whole  cycle  is  repeated  about  three  times  a 
minute. 

Under  pathological  conditions,  Cheyne- Stokes  breathing  may' 
show  itself  in  almost  any  disease  of  severity,  but  it  is  perhaps 
most  commonly  associated  with  diseases  of  the  kidney.  In 
adults  it  is  always  a  grave  sign,  though  it  is  not  invariably  a 
precursor  of  death ;  in  children,  its  prognostic  importance  is  far 
less.  The  rhythm  may  show  itself  several  days  before  death  in 
fatal  cases. 

It  is  impossible  to  discuss  the  pathology  of  Cheyne-Stokes 
respiration  at  any  length,  but  it  is  necessary  to  remember  that 
the  respiratory  phenomenon  is  only  the  most  prominent  of  a 
whole  series  of  periodic  phenomena  which  may  show  themselves 
at  the  same  time  in  the  same  patient,  and  are  undoubtedly 
closely  allied.  The  other  phenomena  to  which  reference  is  made 
are  periodic  variations,  in  size  of  the  pupils,  in  size  of  the 
pulse,  in  blood-pressure,  and  in  consciousness.  The  true  explana- 
tion of  Cheyne-Stokes  breathing  must  explain  these  phenomena 
also. 

At  the  outset,  it  may  be  said  that  no  fully  satisfactory  expla- 
nation of  Cheyne-Stokes  breathing,  and  the  other  periodic  phe- 
nomena that  may  accompany  it,  has  been  given.  Gibson,  whose 
admirable  monograph  on  the  subject  is  the  latest  and  fullest, 
divides  the  explanations  that  have  been  given  into  three  groups  : 
(1)  earlier  and  vague  explanations,  (2)  those  which  regarded  the 
phenomenon  as  dependent  upon  variations  in  extrinsic  stimuh 
received  by  the  respiratory  centre,  (3)  those  which  regard  the 
phenomenon  as  dependent  upon  the  intrinsic  nutritive  condition 
of  the  respiratory  centre. 

The  first  group  needs  no  discussion.  The  earliest  attempt  at 
an  explanation  of  the  second  kind  was  that  of  Little,  who 
suggested  that  the  two  sides  of  the  heart  do  not  contract  simul- 
taneously or  with  equal  force,  and  that  the  left  ventricle  is  the 
more  affected;  as  a  result  he  supposed  that  the  blood  received 
by  the  bulb  varied  periodically  in  its  degree  of  oxygenation. 

Little's  theory  was  followed  by  the  renowned  theory  of  Traube, 
who  considered  that  the  respiratory  centre  may  be  stimulated  in 
two  ways:  (1)  by  way  of  the  terminations  of  the  vagus  in  the 
pulmonary  blood-vessels,  which  are  readily  stimulated,  are  normally 
bathed  with  venous  blood,  and  produce  shallow  respirations ; 


CHEYNE-STOKES  EESPIEATION  689 

(2)  by  way  of  the  ordinary  afferent  nerves  of  the  body,  which  are 
not  normally  bathed  by  venous  blood,  but  which,  when  they  are 
so  bathed,  cause  dyspnoeic  respirations.    He  therefore  explanied 
the  Cheyne-Stokes  rhythm  by  supposing  that  the  early  and  late 
respirations  of  the  cycle  are  called  forth  by  way  of  the  pneumo- 
gastric  nerve,  the  dyspnoeic  respirations  of  the  middle  of  the  cycle 
called  forth  by  way  of  the  ordinary  nerves  of  the  body.    That  the 
latter  nerves  played  any  part  at  all,  he  ascribed  to  a  lessened 
irritabihty  of  the  respiratory  centre,  which  depended  upon  the 
cardiac  or  other  change  underlying  the  whole  phenomenon,  and 
owing  to  which  a  greater  amount  of  CO.,  than  normal  accumulated 
in  the  blood  before  it  sufficed  to  call  forth  respiratory  movements 
at  all.    The  pause  he  ascribed  to  a  temporary  hyper-oxygenation 
'  of  the  blood  as  the  result  of  the  dyspnoeic  respiration.  This 
ingenious  hypothesis  Traube  subsequently  modified  as  the  result 
of  Filehne's  criticism,  and  ultimately  he  ascribed  the  phenomenon 
to  a  rhythmic  periodicity  of  the  respiratory  centre  and  its  ex- 
haustion during  the  phase  of  dyspnoeic  breathing.    This  modified 
explanation   is,  however,  unsatisfactory  in   that   it   does  not 
account  for  the  early  or  ascending  portion  of  the  cycle,  and 
gives  no  valid  reason  for  commencement  of  the  periodicity  itself. 

Filehne's  hypothesis,  which,  in  its  original  or  m  a  modified 
form  has  claimed  as  many  adherents  as  that  of  Traube,  was  that, 
in  health,  venous  blood  excites  first  the  respiratory  centre,  then 
the  vaso-motor  centre,  and  last  of  all  the  convulsive  centres.  He 
supposed  that  in  cases  where  the  Cheyne-Stokes  breathmg  is 
present,  the  irritabihty  of  the  respiratory  centre  is  lessened,  so 
that  it  fails  to  respond  as  normal  to  a  venosity  of  the  blood; 
this  accounts  for  the  pause  in  respiration.    But  the  amount  of 
CO   in  the  blood  increases  until  it  calls  forth  activity  of  the 
vaso-motor  centre,  which  causes  vaso-coristriction  and  diminishes 
the  amount  of  blood  received  by  the  respiratory  centre  to  so  great 
an  extent  that  now  the  combined  stimulus  is  sufficient  to  call  forth 
respiratory  movements.    The  blood,  however,  which  is  arterial- 
ised  by  these  respirations,  does  not  reach  the  respiratory  and 
vaso-motor  centres  for  some  time,  and  in  the  interval  the  veno- 
sity of  the  blood  generally  has  increased  to  such  an  extent  that 
it  calls  forth  dyspnoeic  respirations  even  from  the  enfeebled 
respiratory  centre.    Not  only  is  this  explanation  highly  compli- 
cated, but  also  it  rests  on  the  insecure  basis  that  it  presupposes 
vaso-constriction  as  a  preliminary  to  the  respiratory  phenomenon. 
There  is  ample  evidence  that  this  assumption  is  unjustifiable. 
The  third  group  into  which  Gibson  divides  the  explanations 
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of  Cheyne- Stokes  respiration  is  that  which  supposes  that  the 
phenomenon  depends  upon  intrinsic  and  periodic  changes  in  the 
respiratory  centre  itself.  An  opinion  of  this  kind  is  the  one 
generally  held  at  the  present  day.  Luciani  noted  that  the  beats 
of  the  frog's  heart  often  show  a  periodic  grouping,  and  he  endea- 
voured to  associate  the  cardiac  and  the  respiratory  phenomena  • 
he  regarded  the  different  forms  of  rhythm  constituting  the  Cheyne- 
Stokes  phenomenon  as  due  to  automatic  oscillations  in  excitabihty 
of  the  centre  itself.  Eosenbach's  explanation  was  closely  similar 
in  that  he  regarded  the  periodic  breathing  as  an  expression  of  the 
alternation  of  activity  and  repose  characteristic  of  all  kinds  of 
living  matter. 

But  it  is  by  no  means  certain  that  extrinsic  stimuli  can  be 
disregarded.  Marckwald,  from  a  long  series  of  investigations,  has 
concluded  that  periodic  breathing  can  only  manifest  itself  when 
some  of  the  higher  brain  tracts  have  ceased  to  exert  their  normal 
influence  on  the  respiratory  tract ;  this  he  showed  by  making 
sections  of  the  medulla  oblongata  at  different  levels  above  the 
respiratory  centre.  In  this  connection  the  fact  is  important  that 
periodic  breathing  is  often  seen  during  hibernation  of  lower 
animals,  and  after  administration  of  chloral,  morphia,  ether, 
chloroform,  &c.  Gad  has  shown,  by  simultaneous  tracings  of 
arterial  pressure  and  respiratory  movements,  that  Traube-Hering  . 
curves  go  hand  in  hand  with  Cheyne- Stokes  breathing.  And 
Lombard,  in  a  highly  interesting  series  of  experiments,  has 
shown  that,  when  volition  is  brought  to  bear  upon  a  centre  for 
muscular  movement  that  is  fatigued,  the  movements  produced 
show  a  periodicity.  He  found  that  if  the  finger  be  voluntarily 
,  ccmtracted,  the  excursions  that  it  makes  progressively  become 
smaller  and  less  frequent,  until  after  a  time,  however  great  the 
effort  of  volition,  no  contraction  occurs  at  all.  If  efforts  are 
still  made  to  bend  the  finger,  contractions  gradually  reappear, 
become  as  forcible  as  at  first  (or  even  more  forcible),  gradually 
disappear,  to  again  appear  and  carry  on  the  same  cycle.  The 
similarity  to  the  Cheyne- Stokes  rhythm  is  therefore  very  great. 

It  appears,  then,  that  when  a  nerve  centre  is  fatigued,  or  when 
its  vitality  is  lowered,  its  action  tends  to  become  periodic.  Pro- 
bably Cheyne-Stokes  breathing  is  one  among  many  examples  of 
this  statement,  and  it  is  important  to  note  in  this  connection  that 
Pembrey  maintains  that  Cheyne-Stokes  breathing  is  normal  in 
hibernating  animals  during  their  winter  sleep.  But  it  is  also 
probable  that  the  whole  explanation  is  not  exclusively  bound  up 
with  the  nutritive  condition  of  the  respiratory  centre  alone ;  there 
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are  reasons  for  believing  that  modification  of  the  extrinsic  stimuli 
normally  received  by  that  centre,  also  play  a  part  in  causing  the 
phenomenon.  .  
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THE  PATHOLOGY  OF  SHOCK  AND  COLLAPSE— 

TIUNSFUSION 

Synopsis. 

I.  The  Symptoms  of  Shock  and  Col-      III.  The  Pathology  of  Shock. 
I'^PS^-  i    IV.  The  Pathology  of  Collapse. 

11.  The  Causes  of  Shock  and  Collapse.  y  Transfusion. 

Shock  and  collapse,  like  fever  and  inflammation,  are  clinical 
terms,  and  as  such  cover  groups  of  symptoms.  These  groups 
of  symptoms  are,  in  the  case  of  shock  and  collapse,  very  similar, 
but  the  pathological  processes  underlying  the  two  conditions 
are  different.  Though  one  description  of  the  patient's  condition 
will  therefore  practically  suffice  for  both,  it  will  be  necessary 
to  discuss  their  pathology  apart.  By  considering  them  in  one 
chapter  their  points  of  resemblance  and  of  contrast  will  be 
better  brought  out  than  they  would  be  if  each  were  relegated 
to  the  chapter  with  which,  strictly  speaking,  it  has  most  in 
common. 

I.  The  Symptoms  of  Shock  and  Collapse.— AVhen  a  patient 
is  markedly  the  subject  of  shock  or  collapse  he  gives  evidence  of 
profound  prostration.  He  hes  perfectly  quiet  and  in  a  semi- 
imconscious  condition ;  if  he  can  be  roused  it  is  only  with 
difficulty  and  for  a  short  time,  yet  during  that  time  he  answers  • 
questions  clearly  and  rationally,  though  his  voice  may  not  be 
above  a  whisper.  His  appearance  is  changed;  his  face  is  pale 
and  drawn,  his  lips  and  ears  cyanotic,  his  eyes  sunken,  his  cheeks 
hollow.  His  respiration  is  irregular  and  sighing,  his  skin  cold 
and  damp,  his  internal  temperature  often  two  or  three  and  some- 
times five  or  six  degrees  Fahrenheit  below  normal.  His  heart- 
action  is  rapid  and  feeble,  his  pulse  fluttering  and  weak,  or,  it 
may  be,  imperceptible  at  the  wrist.  His  mouth  and  tongue  arc 
dry,  and  he  experiences  great   thirst.     Secretion  of  urme  is 
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dimmished  or  there  may  be  complete  anuria.  ^^-^^^^^^^ 
n^uscular  power  may  not  be  so  greatly  ^-^-'f^l^f^X^ 
symptoms  would  suggest;  a  patient  ^^J^^^^"^^^^^^^^ 
Lugh  suffering  severely  from  shock,  and  though  ^"^'^^ 
which  leads  to  shock  proves  fatal  withm  a  few  hours.  This 
comparative  retention  of  muscular  power  is  far  more  commonly 
seen  in  shock  than  in  collapse.  mu       •    o  m^onf 

II  The  Causes  of  Shock  and  Collapse. -There  is  a  gieat 
difference  between  the  causes  of  shock  and  collapse,  for  m  shock 
there  can  generally  be  determined  a  nervous  element,  whereas  m 
collapse  such  an  element  is  usually  wanting.  In  this  respect 
shock  and  syncope  are  closely  alhed,  for  just  as  intense  emotions 
can  cause  syncope  so  they  can  cause  shock.  Nevertheless  m 
shock  some  injury  is  generally  added  to  the  mental  cause.  This 
mjury  may  be  great,  e.g.  laceration  of  abdominal  organs  m  a 
'buffer'  accident,  or  a  severe  burn,  or  it  may  be  small,  e.g.  a 
shght  blow  on  the  epigastrium.  ^        i.  f^v 

Pain  is  undoubtedly  a  factor  in  the  production  of  shock,  for 
a  greater  degree  of  shock  accompanies  crushing  of  the  higmy 
sensitive  finger  than  accompanies  much  more  extensive  injuries 
on  the  arm.    But  that  pain  is  not  the  whole  explanation  is 
shown  by  the  fact  that,  though  shock  has  dimimshed  to  a  large 
extent  since  the  introduction  of  ansesthetics,  it  has  not  been 
abohshed.    Moreover,  pain  may  be  very  great,  as  for  example 
in  tic  douloureux  or  in  toothache,  and  yet  shock  is  absent 
Nervous  temperament,  too,  is   apparently  a  factor.  Gobbett 
relates  the  case  of  a  nervous  boy  who,  after  removal  of  the 
tonsils  (an  operation  so  slight  that  it  is  commonly  performed 
without  the  aid  of  an  anesthetic),  remained  semi-unconscious 
and  almost  pulseless  for  hours.    In  women  generally,  but  espe- 
cially in  those  who  are  of  a  highly  imaginative  nature  (artists, 
musicians),   the    effect    of    pain   combined    with    a  nervous 
temperament  in  producing  shock   is   often   well  marked.,  it 
such  persons  be  subjects  of  painful  menstruation,  the  onset  ot 
menstruation  each  month  is  not  infrequently  accompanied  by 
signs  of   great,   even  alarming,  prostration,  which,  however, 
passes  off  as  the  flow  becomes  estabhshed. 

Profound  shock  accompanies  injuries  to  the  brain,  whether 
tbose  injuries  are  such  as  lead  to  macroscopic  lesions,  e.g. 
hsemorrhage,  laceration,  or  such  as  are  summed  up  m  the  term 
'  concussion.'  The  first  stage  of  concussion,  in  fact,  is  nothing 
more  than  a  state  of  extreme  shock,  and  the  symptoms  are 
practically  identical  with  those  given  above  with  the  addition 
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that  consciousness  is  more  involved.  Besides  conditions  affect- 
ing the  brain,  certain  morbid  conditions  of  the  viscera  are  very 
Hable  to  be  associated  with  shock.  Thus,  the  passage  of  a 
biliary  or  a  renal  calculus,  perforation  of  the  stomach  or  intes- 
tines, strangulation  of  a  hernia,  twisting  of  the  pedicle  of  an 
ovarian  cyst,  rupture  of  the  bladder  or  of  an  ectopic  gestation, 
are  fertile  sources  of  shock.  So  also  are  the  formation  of  a 
pneumothorax,  even  though,  as  in  some  cases  of  tuberculosis, 
the  lung  is  so  diseased  that  it  is  practically  functionless,  and  the 
rupture  of  an  aneurysm,  especially  if  it  be  of  the  dissecting 
variety. 

From  the  examples  given  above  it  is  clear  that  shock  follows 
upon  conditions  suddenly  produced,  and  for  the  most  part  pro- 
duced in  comparatively  healthy  persons.  In  the  majority  of 
cases  the  patient  is  about  his  ordinary  business  when  the  acci- 
dent, whatever  its  nature,  arises.  Shock  then  follows  on  rapidly, 
and  the  patient  is  found  almost  pulseless  within  a  few  minutes 
of  the  accident.  If  shock  be  severe  and'  the  patient's  heart  be 
examined  immediately  after  the  accident,  complete  absence  of 
action  may  be  found,  but  feeble  pulsations  commence  within  a 
short  time.  We  have  in  this  sudden  onset  of  shock  (which,  it 
may  be  mentioned,  does  not  always  come  on  with  such  extreme 
suddenness  as  has  been  described  above)  a  marked  difference 
from  the  onset  of  collapse. 

Collapse  comes  on  more  insidiously  than  shock,  and  it  may 
take  as  many  hours  for  collapse  to  produce  the  same  degree  of 
prostration  as  shock  would  produce  in  minutes.  Moreover,  the 
person  who  becomes  collapsed  is,  in  a  large  majority  of  cases, 
already  the  subject  of  some  disease ;  shock  strikes  a  man  down, 
collapse  first  attacks  him  when  he  is  down.  The  chief  causes  of 
collapse  are  those  which  lead  to  a  great  loss  of  fluid  from  the 
body ;  such  are  profuse  and  prolonged  diarrhoea  or  vomiting, 
profuse  haemorrhage,  and  probably  also  profuse  sweating  as  in 
some  cases  of  heat-stroke.  Besides  these,  acute  peritonitis  of 
whatever  origin  is  associated  with  profound  collapse.  Perhaps 
the  most  marked  examples  of  collapse  are  met  with  in  the  '  algid  ' 
stage  of  Asiatic  cholera  and  in  the  diarrhoea  of  very  young 
children.  In  the  former  case  it  is  not  even  necessary  that  thei'e 
should  be  diarrhoea,  for  though  there  may  be  no  evacuation  of 
intestinal  contents,  there  collects  in  the  bowel  a  large  quantity 
of  thin  watery  fluid,  the  so-called  'rice-water  stools.'  When 
diarrhoea  is  accompanied  by  vomiting,  collapse  makes  its  appear- 
ance much  earlier 
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Shock  and  collapse  may  be  associated  with  one  another,  m 
which  case  the  shock  comes  on  first,  and  gradually  ^^erges  into 
collapse.    Unless  it  end  in  rapid  death,  as  is  not  infrequently  the 
case  owing  to  the  gravity  of  the  injury  which  "^^^^^^ 
shock  tends  to  recovery.     Thus   reference  has  already  been 
made  to  the  disappearance  of  alarming  symptoms  with  the  esta- 
bhshment  of  menstruation  in  highly  sensitive  women ;  and  m 
simple  uncomplicated   concussion,   the   first  ^^^age-shock-is 
followed  by  stages  in  which  the  pulse  becomes  full  and  bound- 
inc.  consciousness  returns,  and  ultimately  the  patient  recovers 
completely.     But  when,  for  example,  a  loop  of  mtestme  is 
lacerated  by  some  injury  and  an  intense  peritonitis  is  set  up  by 
escape  of  intestinal  contents  into  the  peritoneal  cavity,  the  ulti- 
mate condition  of  the  patient  is  a  mixed  one.  of  which  the  shock 
IS  due  to  the  primary  injury  of  the  intestme  and  the  collapse  is 
due  to  the  peritonitis.    The  same  association  of  shock  with  sub- 
.  sequent  collapse  is  probably  seen  m  a  variety  of  conditions  such 
as  acute  mtestmal  obstruction  (especially  when  the  obstruction  is 
high  up  for  then  the  vomiting  comes  on  earliest  and  is  most  per- 
sistent) twisting  of  the  pedicle  of  an  ovarian  cyst,  &c. 

Tn\e  prostLion  following  profuse  and  fairly  rapid  haemor- 
rhaae  we  probably  have  collapse  represented  m  its  purest  form 
and^least  compHcated  by  shock.  For  when  rupture  of  a  blood- 
vessel leads  to  severe  shock,  haemorrhage  is,  as  a  rule  coni- 
paratively  trifling,  partly  because  of  mechanical  obstruction  to 
great  output  of  blood,  but  more  particularly  because  the  shock 
of  itself  mduces  cardiac  and  vascular  conditipns  incompatible 
with  that  maintenance  of  the  blood-pressure  which  is  the  chief 
factor  in  the  persistence  of  haemorrhage  from  a  divided  artery 

III  The  Patholog-y  of  Shock.-It  has  been  pointed  out  above 
that  in  shock  we  have  evidence  of  a  nervous  element  wnether 
that  be  central  (emotion)  or  peripheral  and  reflex  (pam  «cO 
Moreover,  we  have  signs  of  marked  cardiac  and  ^^^^^l^/'  ' 
ance.  It  has  long  been  held  that  these  are  causally  related,  and 
that  upon  them  shock  is  dependent.  ,     ,     i  , 

It  was  shown  by  Goltz  that  if  a  smart  blow  be  struck  upon 
the  exposed  stomach  of  the  frog,  the  heart  is  arrested  m  diastole, 
and  the  peripheral  blood-vessels  become  dilated.  Conditions  such 
as  these.  It  is  unnecessary  to  say,  must  result  m  a  fall  of  blood- 
Pressure.  Lowermg  of  the  blood-pressure  can  also  be  brought 
about  in  mammals.  Thus  it  is  produced  by  stimulation  of  the 
central  end  of  the  depressor  nerve  in  the  rabbit,  and  in  not  a  tew 
cases  by  stimulation  of  the  central  end  of  the  divided  vagus  in 
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the  dog,  the  other  vagus  being  intact.  Hence  there  is  no  lack  of 
evidence  that  centripetal  impulses  which  reach  the  vaso-motor 
and  the  cardio-inhibitory  centres  can  lead  to  a  fall  of  blood- 
pressure.  In  the  case  of  ordinary  nerves  of  sensation,  the 
evidence  is  not  so  clear,  for  stimulation  of  the  central  end  of  the 
divided  sciatic  in  the  dog  usually  leads  to  a  rise  of  blood-pressure. 
But  in  most  cases  this  rise  of  blood-pressure  is  temporary  only, 
for  if  stimulation  be  continued  the  blood-pressure  returns  to  its 
original  level.  Whether  it  ever  falls  below  the  original  level 
as  the  result  of  prolonged  stimulation  of  the  sciatic  nerve  is  un- 
certain. 

According  to  Brodie  and  Eussell,  of  all  afferent  branches  of 
the  vagus  which  by  stimulation  can  produce  reflex  inhibition  of 
the  heart,  the  pulmonary  are  the  most  effective,  the  connections 
of  the  respiratory  tract  with  the  heart  being  very  close.  Thus 
they  found  that  stimulation  of  the  nasal  mucous  membrane  by 
various  means  at  once  arrests  the  heart,  and  laryngeal  stimulation 
is  only  a  little  less  active.  Stimulation  of  the  trachea  and  large 
bronchi  were  in  their  experiments  apparently  without  effect,  but 
the  alveolar  nerves  were  as  effective  as  the  laryngeal.  At  the 
same  time  as  it  produces  cardiac  inhibition,  excitation  of  the 
pulmonary  nerves  produces  arrest  of  respiration  and  inhibition  of 
the  vaso-motor  centre. 

The  effects  produced  by  these  centripetal  impulses  are 
probably  threefold  :  (1)  they  inhibit  the  vaso-motor  centre  and 
lead^to  an  enormous  dilatation  of  the  smaller  arteries,  especially 
in  the  splanchnic  area,  and  so  to  a  fall  of  blood-pressure ;  (2)  the 
dilatation  of  the  splanchnic  blood-vessels  being  brought  about 
suddenly,  it  leads  to  so  great  a  diminution  in  the  intake  of  the 
heart  that  the  heart  receives  little  or  no  blood  upon  which  to 
contract,  with  the  result  that  cardiac  action  becomes  slow  and 
feeble and  (3)  the  centripetal  impulses  prol)ably  act  directly 
upon  the  cardio-inhibitory  centre,  and  lead  to  an  arrest  of  heart- 
action.  Now  in  the  case  of  mammals  it  is  impossible  to  produce 
more  than  a  temporary  arrest  of  heart-action  by  stimulation  of 
the  peripheral  end  of  the  vagus  nerve,  owing  to  the  appearance 
of  idio-ventricular  beats,  and  hence  it  is  probable  that  though 
direct  action  upon  the  cardio-inhibitory  centre  may  accoant  for 
the  cessation  of  heart-action  which  constitutes  syncope  (whether 
fatal  or  not),  it  does  not  account  for  the  ^^rolonged  lowering  of 
blood-pressure  which  is  present  in  and  which  constitutes  the 
chief  symptom  6f  shock.  Though,  therefore,  we  cannot  exclude 
the  possibility  that  reflex  inhibition  of  the  heart  may  be  concerned 
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in  the  production  of  shock,  we  must  regard  it  as  being  principally 
dependent  upon  a  pronounced  diminution  of  vascular  tone  which 
chiefly  affects  the  blood-vessels  of  the  splanchnic  area,  and  which 
is  induced  by  the  action  of  afferent  impulses  whether  of  central 
or  of  peripheral  origin  upon  the  vaso-motor  centre. 

Once  it  is  allowed  that  we  have  in  extensive  vascular  dilatation 
brought  about  by  reflex  vaso-motor  changes  the  true  pathology 
of  shock,  an  explanation  of  the  symptoms  observed  in  this  condi- 
tion becomes  easy.    For  the  lowered  heart-action  depends  upon 
a  diminution  of  the  intake,  and  therefore  a  diminution  of  the 
output  of  the  heart  and  perhaps  upon  direct  cardiac  inhibition  ; 
the  failure  of  consciousness  and  the  altered  respiration  depend 
upon  an  insufiicient  supply  of  blood  to  the  brain  and  the  respira- 
tory centre  respectively  ;  the  coldness  of  the  skin  and  extremities 
upon  the  derivation  of  blood  from  them  to  the  dilated  splanchnic 
vessels  ;  the  fall  of  temperature  upon  inactivity  of  the  thermolytic 
mechanisms  combined  with  diminution  of  thermogenesis  (whether 
brought  about  by  inhibition  of  a  definite  thermogenetic  centre  or 
no,  it  is  impossible  to  say)  ;  while  the  shrunken  appearance  of 
the  face  and  the  thirst  are  probably  dependent  upon  dryness  of 
the  tissues,  and  are  brought  about  by  processes  that  will  be  dis- 
cussed along  with  the  pathology  of  collapse. 

There  is  one  condition  which  is  frequently  seen  m  shock,  to 
which  reference  has  not  yet  been  made.    It  was  noticed  by  John 
Hunter  over  a  century  ago,  while  bleeding  a  patient,  that  the 
blood  which  issued  from  the  vein  was  bright  red.    Since  the 
blood-flow  at  this  time  was  slow.  Hunter  argued  that  the  arterial 
hue  could  not  depend  upon  a  more  rapid  flow  of  the  blood  through 
the  capillaries.    Brown-Sequard  investigated  the  condition  and 
came  to  the  conclusion  that  the  peculiarity  depends  upon  an 
'  inhibition  of  exchange,'  by  which  he  meant  that  the  vital  pro- 
cesses which  normally  bring  about  a  removal  of  oxygen  from  the 
blood,  and  a  giving  up  of  carbonic  acid  to  the  blood,  are  suspended. 
According  to  Brown-Sequard,  the  essential  factor  of  '  nervous 
shock '  hes  in  this  inhibition  of  exchange,  and  he  supported  his 
view  by  recalling  the  fact  that,  in  shock,  drugs,  &c.,  intro- 
duced into  the  stomach  or  into  the  subcutaneous  tissue  are  not 
absorbed,  and  do  not  produce  their  physiological  action  during 
the  period  of  shock,  but  are  first  absorbed  when  shock  is  pass- 

'°^Eoger  has  supported  Brown-Sequard's  view,  and  will  not 
allow  that  shock  depends  upon  vascular  paralysis  ;  according  to 
this  author  the  arteries  are  often  constricted.    He  found  that 
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when  the  head  of  a  frog  has  been  crushed,  strychnine,  injected 
into  the  abdominal  vein,  fails  to  produce  its  physiological  action. 
This  fact,  he  suggests,  can  be  explained  either  on  the  hypothesis 
that  the  tissues  are  unable  to  react,  which  is  improbable,  or  on 
the  hypothesis  that  the  poison  does  not  pass  from  the  .  blood  to 
the  tissues,  which  is  probable  if  for  '  the  tissues '  we  read  '  the 
spinal  cord.'  Contejean  made  the  objection  to  Eoger's  experi- 
ment that  the  method  of  producing  shock  injures  the  blood- 
supply  of  the  cord  so  greatly  that  there  is  no  evidence  that  the 
strychnine  ever  reached  the  cord  at  all.  He,  himself,  found  that 
if  in  a  frog  prepared  by  Eoger's  method  strychnine  be  injected 
into  the  central  end  of  the  abdominal  aorta  after  ligature  of  the 
two  aortic  branches,  tetanic  symptoms  ensue.  Moreover,  in  this 
tetanic  frog,  which,  having  been  prepared  by  Eoger's  method, 
should,  according  to  that  author,  be  the  subject  of  shock,  it  is 
still  possible  to  induce  shock,  for  violent  crushing  of  the  head 
inhibits  the  spinal  cord  and  puts  an  end  to  tetanic  convulsions. 

Eoger  replied  to  Contejean's  criticisms  by  showing  that  crush- 
ing of  the  head  is  not  necessary  for  the  production  of  shock,  but 
that  when  it  follows  the  discharge  of  a  Leyden  jar  over  the  lumbar 
region  (in  which  case  there  is  no  interference  with  the  circulation 
in  the  cord),  the  action  of  strychnine  is  suspended  for  a  time. 
Moreover,  he  showed  that  veratrin,  which  prolongs  the  period  of 
contraction  of  voluntary  nmscle  in  the  normal  animal,  does  not 
produce  any  effect  in  a  frog  treated  after  the  manner  described. 
He  sums  up  his  view  of  shock  by  describing  it  as  '  a  collection  of 
phenomena  resulting  from  a  violent  excitation  of  the  nervous 
system  which  is  characterised  by  a  series  of  inhibitory  acts,  of 
which  one  only,  the  inhibition  of  exchange,  is  constant  and  indis- 
pensable.' In  this  country,  however,  the  view  set  forth  previously 
is  the  one  commonly  accepted,  with  the  addition  that  the  reflex 
inhibition  is  considered  to  act  upon  '  all  the  functions  of  the 
nervous  system  and  is  not  limited  to  the  heart  and  vessels  only ' 
(Mansell  Moullin). 

IV.  The  Patholog-y  of  Collapse. — It  has  already  been  pointed 
out  that  collapse  accompanies  diseases  in  which  the  body  loses 
large  quantities  of  fluid,  and  that,  when  vomiting  is  persistent, 
collapse  comes  on  earlier  and  is  more  pronounced.  These  facts 
strongly  suggest  that  loss  of  fluid  is  the  true  cause  of  collapse,  a 
suggestion  which  has  been  raised  to  a  certainty  by  the  experi- 
ments of  Eoy  and  Cobbett. 

The  post-mortem  appearances  presented  by  a  person  who  has 
died  of  Asiatic  cholera,  in  which,  as  has  already  been  said,  collapse 
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is  often  extreme,  are  very  remarkable.    The  intestines  are  full  of 
a  watery  fluid,  the  spleen,  liver,  and  lungs  are  tough  and  leathery, 
very  little  blood  is  present  in  the  body,  and  such  as  is  present  is 
so  viscid  that  it  has  been  said  to  resemble  tar.    The  state  of  the 
blood  is  not  due  to  post-mortem  change,  for  the  same  condition 
has  been  observed  during  life.    These  appearances  point  to  the 
conclusion  that  the  fluid  which  has  collected  in  the  intestines  has 
been  derived  from  the  viscera.    In  the  case  of  collapse  following 
abdominal  operation  and  in  peritonitis  it  is  true  that  all.  these 
appearances  are  not  seen  after  death.    Nevertheless,  the  aspect 
of   the  patient  and  the  vomiting  which  generally  accompanies 
peritonitis  are  compatible  with  a  general  decrease  of  the  amount 
of  fluid  in  the  solid  tissues,  and  after  death  it  is  almost  invariably 
seen  that  the  muscles,  especially  the  pectoral  muscles,  are  less 
moist  than  usual.    The  experiments  of  Roy  and  Cobbett,  more- 
over, have  shown  that  under  these  conditions  the  sohd  tissues  and 
the  blood  lose  water,  and  that  the  water  which  they  give  up 
collects  in  the  injured  tissues. 

Sherrington  and  Copeman  to  some  extent  anticipated  Koy  and 
Cobbett  in  reference  to  the  subject  of  collapse  (though  they  speak 
of  the  condition  as  'shock'),  for  they  found  that  when  the  abdo- 
men is  opened  along  the  hnea  alba,  especially  if  the  abdominal 
contents  are  disturbed,  the  specific  gravity  of  the  blood  rises. 
Eoy  and  Cobbett,  using  dogs,  opened  the  abdomen  widely  dis- 
turbed the  intestines,  and,  as  a  rule,  divided  them  between  ligatures 
in  several  places.    The  experiments  lasted  often  from  twelve  to 
eighteen  hours,  and  during  that  time  frequent  observations  were 
made  upon  the  specific  gravity  of  the  blood,  of  voluntary  muscle, 
and  of  the  intestinal  wall,  while  throughout  the  experiment  a 
continuous  graphic  record  was  kept  of  the  blood-pressure  m  the 
carotid.    They  found  that  the  specific  gravity  of  the  blood  for  the 
first  hour  or  two  after  opening  the  abdomen  undergoes  no  change 
but  that  the  specific  gravity  of  voluntary  muscle  increases,  and 
the  specific  gravity  of  the  intestinal  wall  dimimshes  to  a  marked 
extent.    Later,  the  rise  in  specific  gravity  of  muscle  comes  almost 
to  an  end,  and  tnen  the  specific  gravity  of  the  blood  begms  o 
rise ;  the  specific  gravity  of  the  intestinal  wall  continues  to  fall. 
For  some  hours  after  the  specific  gravity  of  the  blood  has  begun 
to  rise,  the  blood-pressure  shows  no  sign  of  falling,  but  the  pulse 
becomes  smaller  and  more  rapid  ;  when  at  last  the  blood-pressure 
begins  definitely  to  fall,  it  falls  rather  rapidly,  and  death  usually 
occurs  a  few  hours  later.    The  temperature  of  the  animals  shows 
a  marked  tendency  to  fall,  but  loss  of  heat  was  obviated  in  the 
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actual  experiments  by  keeping  the  animals  suspended  over  a 

bath  of  warm  water. 

The  explanation  of  these  phenomena  is  thus  given  by  Cobbett : 
'  The  events  which  occurred  in  these  experiments  a,s  the  result 

of  a  severe  abdominal   operation  may  be  arranged  in  three 

periods : 

'  (a)  During  the  first  period  fluid  was  poured  out  •  into  the 
injured  tissues ;  but  the  blood  remained  unaffected  by  this  loss, 
because  an  equal  quantity  of  fluid  was  passing  into  it  from  the 
uninjured  tissues. 

'  {b)  During  the  second  period  this  compensatory  flow  of  fluid 
became  insufficient  to  meet  the  loss,  the  density  of  the  blood 
gradually  increased  and  signs  of  failure  of  the  circulation  began 
to  appear  ;  nevertheless  the  arterial  pressure  remained  practically 
unchanged. 

'  (c)  The  third  period  was  that  of  the  fall  of  blood-pressure, 
and  it  continued  until  the  death  of  the  animal. 

'  The  duration  of  the  first  period  varied  in  different  cases  from 
one  to  several  hours.  It  probably  depended  partly  upon  the 
severity  and  extent  of  the  injury,  and  partly  upon  the  quantity  of 
fluid  present  in  the  tissues  of  the  animal  at  the  beginning  of  the 
experiment.' 

It  was  calculated  that  during  one  of  these  experiments  the 
blood  may  lose  as  much  as  one-third  of  its  original  volume,  and 
since,  for  a  certain  number  of  hours  before  it  began  to  increase 
in  density,  fluid  was  leaving  the  tissues,  the  total  amount  of  fluid 
that  must  have  been  abstracted  from  the  body  generally  to  collect 
in  the  region  of  injury  must  have  been  enormous. 

In  human  beings  Griinbaum  has  also  observed  a  rise  in  specific 
gravity  of  the  blood  under  similar  conditions.  Cobbett  refers  to 
three  cases  of  laparotomy  in  which  Griinbaum  found  that  the 
specific  gravity  of  the  blood  rose  from  five  to  seven  points.  In 
dogs  Eoy  and  Cobbett  found  a  rise  in  specific  gravity  of  as  much 
as  fourteen  points,  but  the  conditions  were  of  course  exceptional. 

The  pathology  of  collapse,  therefore,  consists  essentially  in  an 
abstraction  of  water  from  the  solid  tissues  and  the  blood. 

In  the  case  of  burns  and  scalds  it  is  probable  that  the  prostra- 
tion so  commonly  observed  is  in  part  caused  by  shock,  in  part  by 
collapse.  We  can  hardly  refuse  a  part  to  shock  if  we  bear  in 
mind  the  great  degree  to  which  cutaneous  sensory  nerves  are 
concerned  in  these  conditions,  but  that  collapse  also  j)lays  a  part 
is  shown  by  the  experiments  of  Sherrington.  Sherrington  found 
that  though  the  animal  be  under  the  influence  of  an  auassthetic 
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at  the  t„,e  of  the  experiment,  and  though  *he  jrv^  be^oat  to 
prevent  snhsequent  pain,  immersion  of  the  hind  1™''^'"" 
latev  leads  to  a  marked  rise  in  the  specific  gravity  of  the  h  ood 
wh  ch  may  last  for  two  or  three  days.  It  is  highly  probable  that 
lion.  S  increase  in  density  of  the  blood  there  goes  an  in- 
crease m  density  of  the  solid  tissues,  and  these,  ^^^  ^f^^^^ 
output  of  fluid  in  the  injured  region,  present  a  condition  exactly 
comparable  with  that  m  the  experiments  of  Eoy  and  Cobbett. 

Now  the  effects  which,  when  produced  on  a  large  scale,  lead 
*  „1  We  take  place  on  a  small  scale  when  the  experimental 
"t  r1  r ;  ifs:  S;ht  that  it  does  not  lead  to  shock  or  c*pse^ 
This  is  shown  by  certain  experiments  made  by  the  author,  it 
two  hM  Umbs  of  a  dog  be  tightly  bandaged  1--  ^ow 
upwarfs  so  as  to  render  them  completely  anemic,  --^  -^^^ 
hnm  (the  reason  for  the  delay  will  appear  subsequent  y)  the 
Iciiic  f^av  ty  of  the  blood  and  of  the  solid  tissues  (voluntary 
Mparts  of  the  body  other  than  the  two  hiM  limbs 

Itt:*:^  rs^cirgrX:tthl  blltsfanen 

reXt^'andthe  specific  gravity  '^^  ^^JZ. 
considerably,  ^he  -planation  of  he-  fact^^o^  .y^^^^^^^_ 
when  the  capacity  ot  the  vascmai  volnme  of 

fluid  enters  the  blood  from  the  tissues  '".^-^^"^^f'^^'^t^, 

the  blood.  In  this  .l>~^*^7Ji;,tir,t^^^^^^^  hnis, 
output  of  fluid  into  the  tissues  of  the  previously       J  ^^^^.^^ 

and  therefore  the  specific  8-^^*^°  /Jf^  °  Boy's  and  Cobbett's 
fall  instead  of  remaining  constant  as  ^  /  ^^^^  ^h^,, 
experiments  where  the  injury  to  the  tissues  was  g 

the  output  of  ^<^^^^^^:^  tpsequent  shrinkage  of 
It  IS  probable  t'^.'''  ''"^  'ff^h^^nl.en  features  seen  in  shock 
the  tissues  explains  in  part  ^^^i,^  that  the  specific 

and  collapse,  for  m  collapse  there  «  "°  conditions 
gravity  of  the  sohd  tissues  rises,  "'^Xln  the  splanchnic 
produced  by  a  sudden  Natation  of  vess  Is  -  ^^^^  ^^^^ 
area  is  exactly  comparable  to  the  c™";'  ^,^o^ed 
xpernnent  ii^  Sr^HetrtheLt  t^f  shrunken  features 
^t  in'^a'  b'e  the  fact  that  both  in  shock  and  ,u 

<=oIlapse  tL  peripheral  hlo—^^ 

Y.  Transfusion  -A  ^T^^^^^,  ,ith  conditions  in 
stration  occurs  are  o  obv'°u^'^  ^  ^^^^  (hiemoiThage)  or  of 
Ttt^rndXirihoCr^i  -n  lost  by  the  body,  th„t. 
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naturally,  replacement  of  fluid  was  early  thought  of   as  the 
means  whereby  the  prostration  was  to  be  met.    Without  going 
into  the  clinical  aspect  of  transfusion  it  may  be  said  that  the 
fluids  used  have  chiefly  been  defibrinated  blood  and  salt  solution 
Though  the  reasoning  upon  which  transfusion  was  undertaken 
was  sound,  the  practice  has  fallen  into  a  considerable  degree  of 
disrepute,  partly  owing  to  the  dangers  accompanying  transfusion 
(especially  if  blood  is  used),  and  partly  because  rehef,  if  obtained, 
was  only  temporary.    In  this  section  the  experimental  side  of 
transfusion  will  be  discussed  and  an  endeavour  will  be  made  to 
account  for  the  evanescence  of  relief  given  by  transfusion  to  the 
patient.    In  the  author's  opinion  there  is  a  great  future  for 
transfusion  as  a  therapeutic  means  in  cases  of  collapse  and 
probably  also  in  some  cases  of  shock,  but  the  mode  in  which 
transfusion  is  to  be  carried  out  in  order  to  obtain  lasting  relief 
must  be  different  from  that  which  has  hitherto  been  adopted, 
and  must  conform  with  indications  received  from  experimental 
pathology. 

The  volume  of  fluid  which  may  experimentally  be  injected 
into  the  circulation  of  a  dog  through  the  external  jugular  vein 
without  raising  the  arterial  blood-pressure  for  more  than  a  very 
short  time  is  surprising.    It  is  possible  thus  to  inject  an  amount 
of  saline  solution  or  of  blood  equal  to  one-half  or  two-thirds  of 
the  original  volume  of  blood  without  producing  the  slightest 
discomfort  to  the  animal  or  any  permanent  rise  in  its  aortic 
blood-pressure.    It  is  true  that  while  the  actual  injection  of 
fluid  is  proceeding  the  aortic  blood-j^ressure,  as  measured  by  a 
manometer  in  the  carotid,  rises,  but  this  is  due  to  the  fact  that 
the  amount  of   blood  reaching  the  right   heart   during  each 
diastole  is  temporarily  increased  by  the  amount  of  fluid  injected, 
and  therefore  the  output  of  the  left  ventricle  is  temporarily 
increased  also ;  but  directly  the  injection  of  fluid  ceases  the 
arterial  blood-pressure  begins  to  fall    and    very  soon   again  ' 
reaches  its  original  level.    This  behaviour  of  the  blood-pressure, 
however,  is  only  seen  when  its  level  before  the  injection  was  at 
or  about  the  normal.    If  the  blood-pressure  previous  to  injection 
was  low,  as  for  example  after  division  of  the  cervical  spinal  cord 
or  division  of  the  splanchnic  nerves,  a  full  return  to  the  original 
level  after  the  termination  of  injection  does  not  take  place,  but 
on  the  contrary  the  blood-pressure  is  permanently  left  at  a 

'  Within  a  minute  ;  if  the  injection  be  carried  out  slowly  even  tliis  teniijorary  rise 
is  absent  and  the  tracing  yielded  by  the  arterial  blood-pressure  maintains  a  constant 
mean  level  throughout. 
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higher  level  than  obtained  before  injection.  The  difference 
varies  according  to  the  amount  of  fluid  injected.  This  distmction 
is  one  of  great  importance  in  connection  with  transfusion  m 

cases  of  shock  and  collapse.  ,     r>   ^     .  t 

Now  maintenance  of  the  blood-pressure  under  the  first  set  ot 
conditions  mentioned,  so  far  as  the  vascular  system  is  concerned, 
can  only  be  brought  about  by  an  increase  in  the  capacity  of  the 
vascular  system ;  for  if  the  capacity  of  the  system  remained 
the  same  and  the  volume  of  fluid  within  it  were  increased  the 
pressure  within  the  system  must  rise. 

The  capacity  of  the  vascular  system  may  be  increased  m  three 
ways  either  by  an  active  dilatation  of  the  small  arterioles,  or  by 
a  passive  (or  active)  distension  of  the  capillaries  and  veins,  or  by 
both     It  has  been  shown  by  Eoy  and  Adami  that  m  the  dog 
mtra-vascular  injection  of  a  small  quantity  of  defibrmated  blood 
may  double  the  output  of  the  heart,  and  we  have  already  seen 
that  increase  in  output  of  the  heart  raises  the  blood-pressure 
unless  it  be  accompanied  by  a  correspondmg   diminution  ot 
peripheral  resistance,  so  that  since  the  biood-pressure  m  a  trans- 
fusion experiment  remains  constant  it  follows  that  the  peripheral 
resistance  must  be  diminished.    The  small  arterioles  m  the  body 
must  be  dilated,  and  the  increased  vascularity  of  superficial  parts 
after  a  copious  intra-vascular  injection  shows  that  this  is  the  case. 
But  if  the  amount  of  flmd  injected  be  equal  to  one-half  or  two- 
thirds  of  the  original  volume  of  blood,  dilatation  of  the  arterioles 
alone  would  be  insufiicient  to  prevent  a  rise  of  blood-pressure. 
Here  the  distensibility  of  the  veins  comes  into  play.    The  vems 
generally,  but  in  particular  those  of  the  splanchnic  area,  become 
dilated,  and  it  is  in  this  portion  of  the  vascular  system  that  the 
n.ain  increase  of  capacity  takes  place.    The  blood-pressure  m  the 
large  vems  in  such  a  case  does  not  rise,  and  this  is,  of  course  due 
to  the  fact  that,  though  the  small  veins  contain  more  blood  than 
normal,  they  are  more  dilated.    Whether  the  venous  dilatation  is 
brought  about  in  an  active  manner  through  the  control  of  nerves, 
or  whether  it  is  that  they  are  passively  distended  because  the 
arterial  dilatation  exposes  them  to  a  greater  proportion  of  the 
force   exerted   by   the   ventricle,   it  is  impossible  to  say :  m 
some  more  or  less  modified  form  the  latter  view  is  the  one  that  is 

usually  held.  .     .  .  , 

But  though  large  intra-vascular  injections  are  m  the  normal 
animal  practically  without  effect  upon  the  blood-pressure,  it  is 
impossible  to  believe  for  a  moment  that  they  are  completely 
without  influence  upon  the  body.    Cohnheim,  it  is  true,  found 
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on  injecting  enormous  quantities  of  saline  solution   into  the 
circulation  that  the  glands  which  normally  secrete  a  watery  fluid  ^ 
e.g.  kidney,  salivary  glands,  commence '  to  pour  out  their  secre- 
tions in  large  quantities.    But  it  is  easy  to  show  that  even  small 
variations  in  the  amount  of  fluid  in  the  blood-vessels  have  their 
effect.    In  the  last  section  mention  was  made  of  the  modifications 
in  specific  gravity  undergone  by  blood  and  muscle  on  removal  of 
a  bandage.     The  first  part  of  the  experiment  was  not  mentioned, 
but  it  is  highly  instructive  from  the  point  of  view  of  transfusion! 
When  one  or  m»re  limbs  of  a  dog  are  rendered  completely 
bloodless  by  tight  bandaging  from  the  paw  upwards  with  an 
elastic  bandage  a  new  set  of  conditions  is  introduced.    The  body, 
so  far  as  the  circulation  is  concerned,  consists  of  the  animal 
minus  the  bandaged  limb  into  which  no  blood  can  enter,  and 
since  in  this  '  diminished  body '  there  circulates  the  same^amount 
of  fluid  as  circulated  in  the  whole  body  previous  to  the  applica- 
tion of  the  elastic  bandage,  the  '  diminished  body  '  is  in  the 
same  position  as  if  a  certain  volume  of  fluid  had  been  directly 
injected  into  the  circulation  and  the  limb  had  not  been  bandaged. 
One  important  difference,  however,  must  be    noted:  by  this 
method  of  producing  plethora  the  disadvantage  of  injecting  a' 
fluid  which  differs  from  the  blood  to  some  greater  or  less  extent 
is  entirely  avoided,  for  the  fluid  whereby  the  plethora  is  produced 
is  absolutely  normal  to  the  animal  in  composition. 
.    The  effects  of  plethora  induced  after  this  manner  '  are. marked, 
though  they  are  not  to  be  looked  for  in  modifications  of  blood- 
pressure  or  in  secretion  of  urine  or  saliva,  or  in  any  other  of  those 
points  which  were  recognised  by  Cohnheim.     About  an  hour 
iifter  the  establishment  of  plethora  it  is  found  that  the  specific 
gravity  of  the  blood  has  risen,  the  specific  gravity  of  the  tissues 
as  represented  by  voluntary  muscle  has  fallen.    Fluid  of  lower 
specific  gravity  than  the  blood  has  therefore  left  the  blood,  fluid 
of  lower  specific  gravity  than  the  muscle  has  entered  the  muscle. 
Moreover,  on  centrif  ugalising  specimens  of  blood  at  the  beginning 
and  end  of  the  experiment  and  comparing  the  volume  of  the 
plasma  in  the  two  cases,  it  is  seen  that  after  plethora  has  been 
estabhshed  the  volume  of  the  plasma  diminishes.    When,  there- 
fore, the  ratio  between  volume  of  blood  and  capacity  of  blood- 
vessels is  suddenly  disturbed  by  a  sudden  increase  in  the  volume 
of  the  blood,  the  normal  ratio  is  in  a  short  time  re-established  by 
the  aid  of  a  transference  of  a  portion  of  the  blood-plasma  to 

'  Plethora    induced    in    this    manner    is    sometimes    known    as    '  plethora 
iipocoptica.' 
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the  voluntary  muscles.  The  length  of  time  it  takes  for  this  re- 
estabUshment  of  equilibrium  is  very  short,  the  whole  process  is 
complete  in  an  hour  at  the  most,  and  the  new  levels  of  specific 
aravity  are  maintained  until  other  processes  have  reduced  the 
specific  gravity  of  the  blood  and  raised  the  specific  gravity  of  the 
muscles  to  wliat  may  be  spoken  of  as  the  normal  levels.  This 
latter  portion  of  the  process,  however,  is  far  more  gradual. 

Now  though  the  effects  of  removing  the  bandage  upon  the 
specific  gravity  of  blood  and  of  tissues  are  identical  in  direction, 
though, ''of  course,  not  identical  in  degree,  with  the  effects  of 
copious  hemorrhage,  certain  important  and  instructive  facts 
appear  when  the  volume  of  the  blood  is  increased  by  actual 
injection  of  fluid,  which  do  not  appear  or  are  noi;  clearly  seen  m 
plethora  apocoptica.    The  fluid  which  is  used  for  injection  is, 
in  the  vast  majority  of  cases,  'normal  saline  solution,'  which 
has  a  specific  gravity  of  1005.    As  a  result  of  its  admixture  with 
the  blood  the  specific  gravity  of  the  blood  falls  to  a  greater  or  less 
extent  according  to  the  amount  of  sahne  solution  injected,  ihe 
lowest  point  of  specific  gravity  is  reached  almost  durmg  the  very 
time  of  injection,  and  from  the  moment  when  injection  ceases  the 
specific  gravity  of  the  blood  begins  to  recover  itself.    The  rapidity 
with  which  it  does  this,  i.e.  the  rapidity  with  which  flmd  is  trans- 
ferred  from  blood-vessels  to  the  tissues,  depends  essentially  upon 
the  amoimt  of  fluid  which  the  tissues  already  contain.    It  the 
animal  have  been  deprived  of  water  for  twenty-four  hours  before, 
the  experiment,  the  rise  in  specific .  gravity  of  the  blood  is  more 
rapid  than  if  the  animal  have  been  plentifully  supphed  with  water  ; 
in  summer  the  rise  is  more  rapid  than  in  winter,  and  so  on.  The 
first  portion,  too,  of  any  given  return  to  normal  is  more  rapid  than 
the  later  portion,  so  that  if,  for  example,  the  specific  gravity  of 
the  blood  rises  ten  degrees  in  the  hour  subsequen  to  injection, 
eight  of  those   degrees  will  have  been  accomphshed  during 
perhaps  the  first  half -hour.  i-,  •    r  -^^^ 

But  the  amount  of  fluid  which  the  tissues  can  hold  ^ed 
and  the  fact  that  this  recovery  of  specific  gravity  by  the  blood 
after  intra-venous- injection  depends  upon  the  amount  of  flmd  m 
the  tissues,  is  well  seen  by  making  a  series  of  copious  nitra-vascu  ai 
injections  in  the  same  ammal  at  mtervals._   If.  m  a  ^og  w« 
13  kilos,  300  c.c.  of  saline  solution  be  injected  into  the  circula- 
tion, the  blood  will  be  found  to  have  recovered  ^omv\eie\y  horn 
an  initial  fall  in  specific  gravity  of  perhaps  ten  degrees  n  about 
one  hour,  but  if  a  second  intra-vascular  injection  of  the  ame 
amount  be  now  given,  the  specific  gravity  of  the  blood  will  not 

z  z 
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recover  itself  completely  under  about  two  hours,  while  after  a 
fourth  or  fifth  injection  the  specific  gravity  of  the  blood  may 
remain  at  its  lowest  point  (and  this  is  lower  than  after  any  of  the 
previous  injections),  without  more  than  a  bare  attempt  at  rising, 
for  hours.  The  tissues  show  corresponding  changes  in  specific 
gravity :  after  a  first  intra- vascular  injection  the  voluntary 
muscles  fall  in  Bpecific  gravity  to  a  greater  extent  than  they  do 
after  a  second  or  a  third,  while  if  a  series  of  intra- vascular  injec- 
tions be  given,  it  will  be  found  that  a  point  is  reached  when  the 
muscles  undergo  no  further  change  in  specific  gravity  at  all.  It 
is  when  this  condition,  of  the  muscles  obtains  that  the  specific 
gravity  of  the  blood  remains  close  to  its  lowest  point  for  hours. 
The  tissues,  therefore,  may  be  regarded  as  a  reservoir,  by  varia- 
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Fig.  33. — Cukve  from  an  Experiment  on  Tr.a.nsfusion. 

The  curve  shows  the  alterations  undergone  by  the  specific  gravity  of  the  blood 
and  voluntary  muscle  of  a  dog  as  the  result  of  copious  intra-venous 
injections  of  a  dilute  glucose  solution.  The  lengths  of  time  occupied  by 
the  injection  are  indicated  by  the  shaded  portions  of  the  chart. 


tions  in  the  contents  of  which  the  volume  of  the  blood  is  kept 
constant. 

But  there  is  yet  one  more  fact  that  is  demonstrated  with  the 
utmost  clearness  by  copious  intra-vascular  injections  of  saline 
solution,  and  it  is  that  after  a  first  and  perhaps  a  second  injection 
of  a  series  the  specific  gravity  of  the  blood  not  only  recovers 
itself  completely  after  its  initial  fall,  hut  goes  beyond  the  mark. 
There  is  absolutely  no  doubt  that  if  a  copious  injection  of  salt 
solution  has  lowered  the  specific  gravity  of  the  blood  from,  say, 
1064  to  1054,  the  specific  gravity  of  the  blood  will  rise  from  1054 
and  continue  to  rise  until  it  has  passed  the  original  specific  gravity 
of  the  blood  and  reached  perhaps  1066  or  1067.  ^Further,  the 
result  of  a  second  intra-vascular  injection  may  be  of  two  kinds. 
Continuing  the  example  just  given,  the  rise  from  the  initial  fall 
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in  specific  gravity  after  the  second  injection  may  be  complete 
when  the  specific  gravity  of  the  blood  is  1065  (higher  than  the 
initial  specific  gravity  of  the  blood  but  lower  than  the  specific 
gravity  of  the  blood  immediately  before  the  second  injection  was 
given),  or  it  may  continue  to  rise  until  it  has  reached  1068  (higher 
than  before  either  the  first  or  the  second  injection).  It  is  one 
of  the  most  astonishing  paradoxes  of  experimental  pathology 
that  the  specific  gravity  of  the  blood  can  actually  be  raised  by 
injecting  into  it  a  large  quantity  of  a  fluid  having  a  considerably 
lower  specific  gravity  than  itself.  ■ 

Now  these  experiments  teach  us  conclusively  that  if  trans- 
fusion is  to  be  used  as  a  therapeutic  means  to  combat  shock  and 
collapse,  a  single  injection  of  fluid  is  worse  than  useless.    For  in 
shock  and  in  the  later  stages  of  collapse  the  blood-pressure  is 
low,  and  if  the  maintenance  of  a  moderately  high  (normal)  blood- 
pressure  is  the  object  to  be  attained,  it  cannot  be  attained  by  a 
single  injection  unless  the  quantity  of  fluid  introduced  is  appalHng 
to  the  surgeon.    And  if,  as  is  more  likely,  the  drying  of  the  tis- 
sues and  the  inspissation  of  the  blood  are  the  evil  to  be  overcome 
(at  least  in  collapse),  a  single  transfusion  is  equally  futile.    For  in 
collapse,  and  probably  also  to  some  degree  in  shock,  the  amount  of 
fluid  in  the  tissues  is  greatly  diminished,  and  it  has  been  pointed 
out  that,  when  an  animal  has  been  deprived  of  water,  the  specific 
gravity  of  the  blood  falls  less  as  the  result  of  intra-vascular  injec- 
tion, regains  the  original  level  in  a  shorter  time,  and  overshoots 
the  mark  to  a  greater  extent.    The  results,  therefore,  that  have 
been  gained  by  practical  experience  are  exactly  those  which 
experimental  pathology  would  have  us  learn. 

But  it  is  important  to  note  that  as  the  tissues  become  satu- 
rated with  fluid  this  tendency  of  the  specific  gravity  of  the  blood 
to  overshoot  the  mark  diminishes,  and  after  a  third,  fourth,  or 
fifth  injection,  injection  of  a  fluid  of  lower  specific  gravity  than 
the  blood  leads  to  a  prolonged  and  marked  lowering  in  the 
specific  gravity  of  the  blood.  It  is  quite  possible  that  the  dis- 
credit attaching  to  transfusion  as  a  therapeutic  means  is  simply 
due  to  the  fact  that  transfusion  has  not  been  given  a  fair  trial. 
To  allow  it  a  fair  chance  of  success  it  should  be  repeated  agam 
and  again  at  short  intervals  until  it  has  produced  a  marked  and 
more  or  less  permanent  effect  upon  the  specific  gravity  of  the 
blood. 

In  the  normal  animal  the  specific  gravity  of  the  blood  can 
also  be  lowered  (and  its  volume  at  the  same  time  increased)  for  a 
short  time,  by  injection  into  the  circulation  of  a  concentrated 
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solution  of  a  crystalloid.  This  diminution  of  specific  gravity 
takes  place  in  a  surprisingly  short  time.  Thus  if,  in  a  dog  weigh- 
ing 13  kilos,  18  gms.  of  glucose  dissolved  in  30  c.c.  of  water  be 
injected  into  the  jugular  vein,  it  will  be  found  two  or  three 
minutes  later  that  the  specific  gravity  of  the  blood  has  fallen 
perhaps  ten  degrees,  and  the  specific  gravity  of  the  blood-plasma 
perhaps  four  degrees.  Such  diminutions  in  specific  gravity 
indicate  that  the  volume  of  the  blood  has  been  increased  by 
perhaps  one  quarter. 

Sherrington  and  Copeman  have  found  that  the  diminution  in 
specific  gravity  of  the  blood  brought  about  by  injection  of  strong 
sugar  solution  lasts  longer  than  that  brought  about  by  weak 
saline  solutions,  and  it  has  been  suggested  (Gobbett)  that  a  plan 
of  treatment  dependent  upon  transfusing  strong  sugar  solutions 
*  offers  some  prospect  of  success.'  Since  the  fall  in  specific 
gravity  of  the  blood  brought  about  by  injection  of  strong  solutions 
of  crystalloids  depends  upon  an  abstraction  of  water  frcm  the 
tissues,  it  seems  to  the  author  that  not  much  assistance  can  be 
expected  in  this  direction,  partly  because  the  amount  of  water  in 
the  tissues  has  already  suffered  a  severe  diminution,  and  partly 
because  a  further  diminution  would  probably  only  aggravate 
matters.  Nevertheless  it  is  likely  that  better  results  would  be 
obtained  if,  instead  of  a  '  normal '  sodium  chloride  solution,  a 
weak  solution  of  glucose  (say  2-25  per  cent.)  were  used  in  trans- 
fusion, for  glucose  is  better  borne  by  an  animal  than  sodium 
chloride,  an  important  point  in  connection  with  the  repeated 
transfusion  that  has  been  advocated  above  as  a  therapeutic 
measure.  A  further  argument  in  favour  of  the  use  of  glucose  is 
that  it  is  a  valua.ble  food,  though  its  use  is,  of  course,  negatived 
in  cases  of  diabetic  coma. 

It  will  have  been  noticed  that  in  the  preceding  pages  no  men- 
tion has  been  made  either  of  sudden  diminution  in  abdominal  or 
thoracic  pressure  or  of  poisons  as  causes  of  shock  and  collapse. 
The  effects  of  both  of  these  are  often  very  similar  to  those  of 
shock  and  collapse,  but  in  the  case  of  poisons  at  all  events 
(whether  bacterial  or  non-bacterial),  we  are  so  ignorant  of  their 
method  of  action  that  it  is  at  present  impossible  to  decide  whether 
they  cause  shock  or  collapse,  or  indeed  whether  they  cause 
either  of  these  conditions  as  they  have  been  described  above.  It 
is  possible,  however,  that  with  advancing  knowledge  the  effects  of 
many  poisons  may  be  shown  to  depend  either  upon  vascular 
paralysis  (shock)  or  upon  inspissation  of  the  blood  (collapse). 
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In  the  case  of  sudden  diminution  of  abdominal  pressure  (as,  for 
example,  in  paracentesis)  the  pathology  of  the  faintness  which 
may  occur,  and  which  by  many  chnicians  would  be  spoken  of  as 
'  shock,'  is  quite  different.    The  diminution  of  pressure  leads,  it  is 
true,  to  a  withdrawal  of  the  blood  from  the  rest  of  the  body  to  the 
implicated  region,  but  the  nervous  element  which  is  characteristic 
of  shock  is  quite  absent.    The  dilatation  of  blood-vessels  (c/.  p. 
132)  is  brought  about  by  mechanical  and  not  by  reflex  nervous 
causes.    If  anything,  the  patient's  general  condition  probably 
approaches  more  to  collapse  than  to  shock,  for  one  would  expect 
the  sudden  increase  in  capacity  of  the  vascular  system,  Hke  the 
removal  of  the  elastic  bandage  from  the  hmbs  of  the  dog  in  the 
experiment  already  described,  to  lead  to  a  rise  in  specific  gravity 
of  the  tissues  and  a  fall  in  specific  gravity  of  the  blood.    But  of 
this  we  have  no  direct  evidence,  and  even  if  it  be  true,  the  actual 
condition  would  not  be  one  of  collapse,  since  the  very  changes 
which  are  characteristic  of  collapse,  and  upon  which  the  collapsed 
condition  depends,  would  be  those  which,  in  the  case  of  para- 
centesis and  aUied  conditions,  would  bring  about  amehoration  of 
the  symptoms.    For  where  paracentesis  is  needed  the  tissues  are 
commonly  waterlogged,  and  transference  of  fluid  from  them  to 
the  blood-vessels  must  be  rather  an  advantage  than  otherwise. 
Probably  the  symptoms  sometimes  seen  after  paracentesis  &c. 
are  due  solely  to  a  cerebral  anaemia  suddenly  brought  about  by 
mechanical  causes  and  quickly  rectified. 


EEFEEENCES. 

Brodie  and  EussELL,  Journ.  of  Physiol,  vol.  xxvi.  p.  92.  ' 
CoBBETT,  Art.  '  Shock  and  Collapse,'  Allbutt's  Syst.  of  Med.  vol.  ni.  1897. 
CONTEJEAN,  Arch,  de  Physiol.  1894,  vol.  vi.  5th  ser. 

Lazarus-Barlow,  Proc.  Physiol.  Soc.  May  12,  1894,  in  Journ.  of  Ihysiol. 
1894,  vol.  xvi.,  and  Journ.  of  Physiol.  1896,  vol.  xix.  p.  418. 

EOGEE,  Arch,  de  Physiol.  1893,  vol.  v.,  and  1894,  vol.  vi.,  5th  sexier,  passim. 

EOY  and  Adami,  Phil.  Trans.  Eoy.  Soc.  Lond.  1892,  vol.  clxxxni.  p.  199. 

EoY  and  Cobbett,  cited  by  Cobbett,  loc.  cit. 

SherrixNGTon,  Proc.  Eoy.  Soc.  Lond.  April  1894. 

Sherrington  and  Copeman,  Journ.  of  Physiol.  1893,  vol.  xiv.  p.  83. 


INDEX  OP  AUTHOES 


Abbott,  617 
Abel,  364 

Abelmann,  545,  556 
Abelous,  627 
Abraham,  Phineas,  388 
Ackermann,  480 

Adami,  38,  77,  92,  152,  327,  480,  516,  703 

Addison,  625 

Afanassiew,  155,  480,  612 

Agramonte,  334 

Aievoli,  506 

Akutsu,  465 

Albanese,  628 

Albrecht,  465 

Aldehoff,  566 

Alessi,  341 

AUbutt,  675 

Anderson,  312 

Andral,  197 

Andry,  10 

Arloing,  31 

Armanni,  561 

Arnold,  144,  213,  308,  315 

Aron,  664 

Aronsohn,  395,  403,  431 
Arrhenius,  188  (note) 
d'Arsonval,  33,  677 
Arthus,  140,  565 
Ascher,  370 
Askanazy,  169 
Astaschewsky,  591  [note) 


Babes,  119,  315 
Baldassari,  449 

BaUance,  305,  309,  311,  315,  510,  511 

Balser,  445 

Bannatyne,  485 

Banti,  167 

Barbucci,  449 

Bard,  664 

Bartels,  200,  209 

de  Bary,  242 

von  Basch,  211 

Bassi,  10,  19,  22 

Bauer,  450 

Baumann,  622 

Baumgarten,  143 

Bayliss,  191,  390,  575 


Beadles,  621 
Becker,  288 
Beol6re,  621 
Beddoe,  7 
Behrend,  147 
Behring,  344,  378 
Bendix,  14 
Bennecke,  597 
Bennett,  Hughes,  168 
Beota,  119 
Berkley,  527 

Bernard,  Claude,  1,  294,  390,  395,  400, 

563,  565,  569 
Bert,  627 

Besredka,  341,  380 

Besson,  852 

von  Bezold,  91 

Bianchini,  89 

Biedl,  616 

Bierfreund,  166 

Biernacki,  164,  180,  414,  415 

Billings,  161 

Billroth,  171,  307 

Biot,  657 

Birch-Hirschfeld,  455,  613 

Bizzozero,  143,  154,  158  (note),  174,  477 

Blaxall,  28,  485 

Bloch,  248 

Blunt,  81 

Boddaert,  201  (note) 
Boer,  35 
Bohr,  657 
Boni,  648  (note) 
Bonnet,  483 
von  Bonsdorf ,  445 
Bordet,  142,  248,  355,  368,  378,  380 
Borrell,  503,  504,  506 
Borst,  306 
Bosc,  630 
Bouchard,  353 
Bouillard,  197 
Bowman,  547 
Boyce,  621 

Bradford,  Rose,  524,  594 
von  Brasol,  192 
Brault,  489 
Breitenstein,  416 
Brieger,  26 
Brodie,  568,  650,  696 


712 


INDEX  OP  AUTHOES 


Brouha,  504 

Browicz,  453,  457,  609,  613,  614 

Brown-S(5quard,  596,  626,  631,  677,  697 

Briicke,  326 

von  Brunn,  445 

Brnnner,  617 

Brunton,  Lauder,  578 

Buchner,  37,  243,  277,  351,  370,  379,  38 

Buschau,  624 

Biisse,  506 


Calhoun,  144,  154,  155 
Calmette,  345,  379 
Camus,  221 
Canalis,  341 
Canini,  627 
Cantacaz6ne,  248 
Carroll,  334 
Cattani,  341 
Cavazzani,  571 
Ceni,  119 

Charcot,  480  et  seq. 

Charrin,  33,  341,  348,  353,  439  (note),  45S 
Chauveau,  365,  447  (note),  564,  572 
Cheadle,  483 
Chensinski,  312 
Cheyne,  Watson,  349,  353 
Chiari,  117,  384,  445,  605,  616 
Chiaruttini,  544 
Clark,  Sir  A.,  206,  579 
Clouston,  019  (note) 

Cobbett,  24,  40,  348,  693,  698  et  seq.,  708 
Cohnheim,  2,  91,  92,  116,  130  (note),  143, 
191,  198,  199  et  seq.,  206,  211,  216, 
227,  232,  270,  295,  303,  325,  399,  406, 
417,  419,  427,  431,  445,  456,  457,  460, 
477,  486,  496,  498,  531,  534,  541,  550, 
552,  554,  566,  569,  588,  591,  651,  668, 
704 

Cohnstein,  186,  192 
Comba,  456 
Contejean,  141,  698 
Copeman,  157  (note),  343,  699,  708 
Cornevin,  568 
Cornil,  172  (note),  198 
Councilman,  277 
Creighton,  316 
Crosse,  541 
Curtis,  506 
Cybulski,  628 
Cyon,  417 
Czerny,  457 


Dale,  243 
Dana,  403 

le  Dantec,  246  (note) 
D'Arcy,  32 
Dastre,  142,  573 
Davaine,  10 
Davidsohn,  455 
Deetjeen,  153,  155 
Delezenne,  141,  142,  185 
Demelin,  614 


Dettmar,  445 
Deutsch,  363 

Dickinson,  W.  Howship,  73, 195,  413,  418 

453  et.  seq.,  571 
Dickinson,  W.  Lee,  542  (note) 
Dionisi,  161 
Dixon,  631,  650 
Downes,  31 
Dubois,  628 
Duclaux,  31 
Ducrey,  45 
Dufourt,  564,  571, 
Dunlop,  607 
Durham,  242,  245,  378 


Ebeuth,  143 
Ebstein,  7,  570,  604,  606 
Ecker,  628  (note) 
Eckhardt,  475  (note) 
Edmunds,  624 
Edwards,  Milne,  627 
Ehlers,  120 

Ehrlich,.  149  et  seq.,  160,  162,  168,  174, 

345,  357,  372  et  seq.,-541,  561 
Ehrmann,  627 
von  Eiselsberg,  620 
Eisenmann,  326 
Embley,  679 
I  von  Emmerich,  353 
Emminghaus,  189,  199 
Engelmann,  214,  242 
Ernst,  459 
Eulenberg,  625 
Ewald,  268 


Faber,  Knud,  261 
Fabris,  106 
Fagge,  80,  562,  608 
Falk,  767 
Faltin,  617 
Fayrer,  541 
Fehhng,  597 
Feltz,  591  (note) 
Fermi,  19,  22 
Fick,  222,  397 
Filehne,  426,  427,  434,  689 
Firth,  334 
Fitz,  667  (note) 
I  Fletcher,  Morley,  126 
Flexner,  45,  446 
Floresco,  142 
j:  Fodor,  148,  370 
I  Ford,  648  (note) 
Foulerton,  33  (note),  34,  512 
Fowler,  174 
j  Fran^ois-Franck,  97,  672 
i  Friinkel,  46 
Frankland,  34 
Eraser,  345 
Fred^ricq,  417 
Frerichs,  591,  609,  613 
Frey,  627 
von  Frey,  91 


INDEX  OF  AUTHOES 


713 


Friecllander,  45 

von  Friedlantler,  546,  554 

Frisch,  29 

Furbinger,  546 

Fusari,  155 

Gabbitchewsky,  243,  564  {note) 
Gad,  690 
Gaertner,  45 
Gaillard,  31 

Gairdner,  643  (note),  656 
Gamgee,  610 
GaiTod,  601,  604 
Gairod,  A.  E.,  195,  485 
Gaskell,  126,  679 
Gaule,  451,  627 
Gautier,  447  (note) 
Gayet,  483 
Geigel,  410,  426,  430 
Gengou,  142 
Gerhardt,  480 
Gibson,  689 

Gley,  142,  221,  348,  439  (note),  621,  624 

Globig,  28 

Goldberg,  617 

Goldscheider,  243 

Golgi,  51 

Goltz,  695 

Gombault,  480 

Gottlieb,  426,  628 

Grancber,  554 

Gi-andidier,  8  (note) 

Grauer,  35 

Grawitz,  116,  180,  238,  325,  669 

Green,  J.  R.,  140 

Greenish,  469 

Greenwood,  246  (note) 

Grijns,  390 

Gruber,  378,  380 

Griinbaum,  700 

Guillemard,  538 

Guldberg,  188  (note) 

Gull,  104,  620 

Gulland,  174 

Giirber,  6 


Haffkine,  343 
Hahn,  563,  592,  595 
Haig,  599,  604 

Hala,  280  .  „„„ 

Haldane,  140,  165,  657,  67o,  676 
Halliburton,  400,  444 
Hamburger,  192,  212,  218 
Hamilton,  116,  352,  457,  480 
Hammarsten,  185 
Hanau,  506 
Hankin,  26,  341,  370 
Hanot,  167,  482 
Hanriot,  447  {note) 
Hansemann,  512,  514 
Hardy,  32,  151,  245,  247 
Hare,  679 
Harley,  294 


Harley,  Vaughan,  545,  556,  562,  565 
Harnack,  614,  615 
Hauser,  514 
Haviland,  7,  511 
Hayem,  143,  148,  154,  181 
Hedin,  274 
Hedon,  566,  572 
Hegler,  312 

Heidenhain,  190  et  seq.,  201,  212,  218, 

221  etseq.,  395,  532,  547 
Heile,  465 
Heine,  326 
Hektoen,  480 
Heller,  472 
Helmholtz,  389 
Hering,  241 

Hermann,  532  ' 
Hermans,  677 
Herringham,  102 
Hildebrand,  445 

Hill,  L.,  132  (note),  390,  679,  680 

Himmel,  341 

Hirschfeld,  153 

His,  597,  606 

Heche,  181 

van't  Hoff,  187 

Hoffmann,  295 

Hogyes,  395  (note) 

Hoover,  392 

Hoppe-Seyler,  196 

Horbaczewski,  424 

Horne,  142 

Hornowski,  243 

Horsley,  620 

Howell,  174 

Huber,  532 

Hueppe,  381 

Hunter,  John,  697 

Himter,  W.,  164,  612 

Hutchison,  622 

Ids,  400 
Issaeff,  349 
Italia,  606 


Jacob,  243 
Jacobitz,  18 
von  Jaksch,  169 
Janowski,  271  (note),  279 
Jehle,  616 

Jenner,  Sir  W.,  706  (note) 
Jensen,  506 
Jochmann,  24 
Jolly,  153 

Jones,  Coppen,  37  (note) 
Jones,  Lloyd,  163,  164 
Jones,  Price,  180 
Jones,  Wharton,  150 
Jores,  103,  310 

VON  Kahlden,  481 

Kanthack,  141,  143,  151,  245,  247,  346 

(note),  382 
Karhnski,  28 


714 


INDEX  OP  AUTHOES 


Kauffmann,  447  (note),  564,  572,  594 

Kellas,  33  (note) 

Kemp,  144,  154,  155 

Key,  Axel,  295 

Kidd,  147 

Kirstein,  31 

Kitasato,  27 

Klebs,  295 

Klein,  E.,  17,  28,  37,  338,  343  (7iote),  351, 

381,  617 
Klemperer,  370,  606 
Koch,  10,  13,  29,  44,  351,  542 
Kocher,  620 
Kohlbrugge,  38,  41 
Kolisch,  589 
Kolliker,  474,  627 
von  Kossa,  462 
Kostjuria,  453 
Kraus,  422,  613,  616 
Krawkow,  455  et  seq. 
Krehl,  427 
Kiihnau,  424 
Kiihne,  609,  610 
Kumagawa,  427 
Kundrat,  171 
Kusnezow,  89 
Kiister,  334 


Laennec,  643,  656  (note) 
Lafitte,  480 
Laker,  154,  166 
Lanceieaux,  566 
Landeier,  325 
Langendorff,  566 
Langerhans,  445 
Langley,  312,  628 
Langlois,  627 
Laudenbaoh,  632 
Laveran,  54,  161,  362,  400 
Laves,  570,  573,  605 
Lawrie,  678 

Lazarus-Barlow,  117,  136,  192,  202  et  seq., 

222,  247,  396,  605,  685,  701 
Leathes,  192 
Leber,  304,  367 
Leclainche,  364 
Lefas,  302 

Legg,  Wickham,  480 
Lehmann,  397 
L6pine,  565,  572 
Lesage,  614 
Leube,  546 

Levene,  562  (note),  568 
Levenne,  571 
Levy,  482 
Lewin,  472 
Lewy,  169 
Leyden,  429 
von  der  Leyen,  615 
Liakhovetsky,  367 
Lichtenstein,  276 
Lichtheim,  85,  199,  216,  656 
Liebermeister,  417,  427  et  seg_.,  431,  434, 
450 


Liebig,  563 
Light,  545 
Ligni^res,  13 
Lilienfeld,  154 

von  Limbeck,  147,  155,  160  (note),  164 

165,  169,  180,  414 
Litten,  69,  116,  450,  462 
Little,  688 
Liveriato,  564  (note) 
Locke,  89 
Lode,  42,  627 
Loeb,  478,  507 
Loffler,  31,  364 
Lombard,  690 
Lommel,  607 
Lo  Monaco,  361 
Lower,  193,  197 

Lowit,  154,  170,  174,  182,  415,  427,  433 
Lowy,  148,  398,  415,  422,  435,  658 
Lubarseh,  465 
Luciani,  690 

Ludwig,  390,  453,  525,  532,  547 
Luschka,  627 
Luschki,  564  (note) 
LiUhje,  604,  632 


Maassen,  25 

MacAlister,  430 

Macfadyean,  28,  29 

MacWilliam,  102,  679 

Magnus,  89 

Magnus-Levy,  576 

Mairet,  630 

Mallory,  458 

Malvoz,  505 

Mannheim,  623 

Mansell-Moullin,  698 

Manson,  52,  539,  557  (note) 

MaragUano,  148,  410,  426,  429 

Marcet,  652 

Marchand,  239 

Marckwald,  690 

Marie,  485,  623,  629 

Markuse,  566 

Marmier,  33 

Marshall,  381 

Marthen,  561 

Martin,  S.,  26,  448 

Masius,  212 

Massen,  592,  595 

Matthes,  294  et  seq. 

May,  420,  432,  574 

Mayer,  180,  605 

Melnikow-Raswedenkow,  129 

Melsome,  40,  348 

Mendel,  192 

Mendelssohn,  643  (note) 
Menu,  555 
Mercier,  555 

von  Mering,  556,  566,  568  et  seq. 
Mertens,  480 
Mesnil,  248,  362 

Metchnikoff,  40,  162,  247,  248,  315,  325, 
349,  365  et  seq.,  380 


INDEX  OF  AUTHOES 


Mett,  571  {note) 
Meyer,  38,  67 
Michaelis,  92 
Mickulicz,  620 
Middleton,  445 
Miguel  28 

Minkowski,  168,  415,  416,  556,  559,  566 

et  seq.,  609,  612 
Miura,  484 
Moment,  31 
Morat,  564,  571 
Morau,  506 
Moreau,  657 
Morel,  364 
Morgenroth,  380 
Morpurgo,  341,  477,  483 
Mosso,  390,  395  (Tiote) 
Mott,  440,  445,  448,  451 
Mouton,  246  {note) 
Muir,  172  {note) 
Miiller,  172  {note) 
Munn,  546 
Murray,  620 

Nagel,  628  {note) 
Nageli,  11 
Nakanishi,  14 

Naunyn,  416,  433,  434,  450,  452,  604  et 

seq_.,  609,  611,  612 
Nebelthau,  432 
Nefedieff,  590 
Neisser,  380 
Nencki,  563,  592,  593 
Neumann,  174,  238,  463,  613 
Newsholme,  512 
Nicolaier,  606 
Nicolas,  97,  664 
NicoUs,  113,  135 
Nobecour,  439  {note) 
Nonewitch,  617 
von  Noorden,  433,  570,  602 
Notthaft,  514 
Nussbaum,  547,  549 
Nuttall,  334,  370 


Obebmeier,  10 
CEstreich,  90,  92 
Ogston,  277 
Oliver,  628,  630,  632 
Ord,  620 
Orlowski,  592 
Orth,  239 

Ostwald,  188  {mte) 
Ott,  403 


Pachon,  142 
Pag^s,  140 
Paget,  326 
Paine,  67,  485 
Panichi,  361 
Panum,  283,  295 
Pappenheim,  271,  305 


Parkes,  545 
Paschutin,  189 
Pasini,  681 

Pasteur,  10,  36,  40,  43,  49,  341,  365 
Paton,  174 

Pavy,  294,  547,  563  {note),  567  et  seq. 
Pawlow,  527,  571  {note),  592,  595 
Pembrey,  391,  395,  405,  690 
Penzo,  477 
Pernice,  341 

Petrusohky,  24  {-note),  341 
Pfannenstiel,  458 
Pfeffer,  243 

Pfeiffer,  355,  357,  364,  367,  602 
Pfliiger,  397,  423 
Pfuhl,  31 
Pick,  613 
Pickler,  553 
Pizzini,  155 
Plimmer,  504 
Pollock,  577 
<  Ponlick,  312 
Porter,  Townsend,  92 
Pouchet,  627 
Pourrat,  664 

Powell,  Sir  R.  Douglas,  643  (note) 
Poynton,  67,  485 
Preisich,  147 
Prudden,  29 
Pye  Smith,  80 


DE  QUEEVAIN,  621 

Quincke,  163 


Eansomb,  34 

Ranvier,  172  {note),  197,  198 

Raoult,  188  {note) 

Bayer,  627 

Raymond,  627 

de  Eechter,  481 

von  Recklinghausen,  325,  459 

Reed,  334 

Eeichenbach,  38 

Reid,  Waymouth,  221 

Reverdin,  620 

Eibbert,  477,  481,  513  et  seq.,  519 
Richet,  391,  403 
Richter,  415,  426,  427,  430,  435 
Ricker,  473 
Eieder,  33 
von  Rigler,  148 
Rindfleisch,  174,  457 
Rindfleisch,  E.,  110  (note) 
Ringer,  6,  88,  575,  679 
Rist,  270 
Ritter,  591  {note) 
1  Roberts,  Sir  W.,  599  et  seg_. 
Rodet,  97,  341,  664 
Roger,  43,  89,  341,  697 
Rogowicz,  621 
Rohmann,  420 
Rokitansky,  325,  452  {note) 
RoUeston,  445 


716 


INDEX  OP  AUTHOES 


Eoncali,  506 
Eosenbach,  615,  690 
Eosenthal,  399 
Eoss,  51,  54 
Eouget,  352 

Eoux,  26,  31,  32,  41,  371,  379 

Eovighi,  434 
Eowland,  274 

Eoy,  77,  96,  101,  681,  698,  703 
Eubner,  389,  556 
Eiiffer,  503 

Euneberg,  186,  189,  549 
Eussell,  503,  696 


Saceudotti,  477 
Sachs,  395,  403 
Sackur,  664 
Salkowski,  420 
Salmon,  344,  365 
Salter,  652 
Salvioli,  158  (note) 
Samschin,  89 
Samuel,  254  et  seq.,  325 
Sanarelli,  449 
Sanderson,  Burdon,  326 
Sandmeyer,  559,  567 
Sanfelice,  506 
Santesson,  190 
Saundby,  547  (note),  561 
Saunders,  246  (note) 
Sawtchenko,  503,  504 
Scagliosi,  89,  401,  417,  448 
Schafer,  613,  628,  630,  632 
Schenk,  276 
Sebiff,  156,  620 

Schimmelbusch,  143  • 

Scbleiffarth,  238 

Scblesinger,  180 

Schmiedeberg,  611 

Schmorl,  597 

Schnitzler,  425 

Schreiber,  18 

Schrey,  8  (note) 

SchiUler,  485,  504 

Schultess-Eecbberg,  91,  92 

Sehultze,  561 

Schultze,  Max,  150 

Schultzen,  593 

Schiitz,  351 

Scbiitze,  363 

Scott,  575 

Seegen,  562  (note),  564 

Senator,  167,  427,  431,  434,  547,  549,  550, 

552 
Sergent,  554 
Shattock,  510,  511 

Sherrington,  157  (note),  182,  305,  309, 

315,  440,  605,  624,  699,  700,  708 
Shiga,  45 
Shore,  679 
Siau,  568 
Sievers,  445 
Sihler,  673 
Smirnow,  92 


Smith,  344,  365 
Smith,  Bellingham,  507 
Smith,  Horton,  616,  617 
Smith,  Lorrain,  140,  165,  261  (note),  407 
620,  621,  657,  675,  676  '  ' 

Smith,  Theobald,  24 
Snell,  676  (note) 
Sobernheim,  381 
Sollier,  623 
Sollmann,  392 
Soudakewitch,  316 
Souza-Leite,  629 
Speck,  398 
Spitzer,  572 
Ssobolew,  562 
Stadelmann,  611 

Starling,  191  et  seq.,  201,  212,  220,  221, 
575  ' 
Staiibli,  361 
Steindler,  414 
Stern,  404 

Sternberg,  29,  31,  35,  576,  613 
Stewart,  408,  547  (note),  641 
Stewart,  Purves,  311 
Stieda,  621 

Stoeltzner,  484  : 
Stokvis,  547,  549 
Stork,  650 
Strieker,  270,  325 
Stroebe,  514 
Stroganoff,  597 
Sutton,  104 
Sutton,  Bland,  631 
Szymonowicz,  628 


Tangl,  474 
Tessiei-,  531 
Thiel,  568 
Thierfelder,  764 

Thoma,  128  (note),  226,  307,  325 

Thompson,  W.  H.,  142 

Thorburn,  485 

Thornton,  679 

van  Tieghem,  28 

Tigerstedt,  190 

Tizzoni,  341,  621,  626 

Traube,  423,  427,  431,  591,  688 

Treves,  581 

Trevethick,  261  (note) 

Tsiklinsky,  28 

Tubby,  220 

Tuffier,  532,  606 

Turner,  Charlewood,  73 


Ughetti,  426,  427 
Uhlenhuth,  363 
Unverricht,  434 
Uschinsky,  36,  252 


Vaillard,  352,  371 
Vecchi,  629 
Vierordt,  397 


INDEX  OF  AUTHORS 


717 


Virchow,  116,  167,  175,  211,  295,  315, 

325,  445,  452  (note),  468,  486,  495 
Vittadini,  170 
Vogel,  326 
Vogt,  553 

Voit,  217,  397,  450,  591 
Volcker,  504 
Vulpian,  627 

Walther,  406,  434,  435 
Walz,  168,  172 
Ward,  Marshall,  32 
Washbourn,  507 
Wassermann,  341,  363,  379 
Weichselbaum,  46 
Weigei-t,  315,  325,  443 
Weiland,  296 
Weintraud,  570,  573 
Wendelstadt,  381 
Werliowsky,  401,  435,  450 
Wesbrook,  26,  32,  33,  382 
Westphal,  169 
White,  A.  H.,  89 

White,  Hale,  403,  404,  419,  432,  545 

Wichmann,  457 

Widal,  358 

Widenmann,  361 

Wills,  102 

Wilson,  93 


Winckel,  541 
Wislicenus,  397 
Wohlmann,  485 
Wolff,  38,  153 
Wolffhiigel,  29 
Wolkow,  568 
Wood,  395,  402 
Woodhead,  Sims,  353 
Wooldridge,  198 
Wright,  A.  E.,  142,  147,  343 
Wright,  Hamilton,  681 
Wunderlich,  405,  409,  413 
Wiirster,  32 
Wyssokowitch,  277 


Yeesin,  26,  41 
Young,  352 


Zacuto,  434 
Zahn,  143,  144 
Zappert,  160 
Zeit,  33 

Zenker,  169,  459 
Zenoni,  455 

Ziegler,  239,  303,  305,  315,  325,  401,  435, 
450,  457,  459,  460,  477,  486,  514,  609, 
613 

Zuntz,  397,  429,  430,  568 


INDEX  OP  SUBJECTS 


Abductor  paralysis  and  disorders  of  n 

spiration,  644,  645,  685 
Abrin,  and  passive  immunity,  345,  356 
Abscess,  272 
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in  pregnancy,  554 

paroxysmal,  543 


:-  j  Albumoses  and  coagulation  of  blood,  141 
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Anaplasia,  theory  of,  512 
Anazoturia,  531 

Anchylostomum  duodenale,  159  (note), 
538  (mte) 


INDEX  OP  SUBJECTS 


719 
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'  dissecting,'  110 
effects  on  heart,  107 
experimental  formation,  106 
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intrapericardial  rupture,  63 

physics  of  rupture,  109 
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pulse-wave,  107 

rupture  and  shock,  694 

saccular,  106 
Angina  pectoris,  pathology  of,  90 
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Anthracosis,  465 
Antialexin,  341 

Antibacterial  and  antitoxic  substances, 
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Antipyretics,  426 
Antipyrin,  action  of,  426 
Antiseptics  and  disinfectants,  34 
Antitoxic  and  antibacterial  sera,  356 
Antitoxins,  standardisation  of,  357 
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of  kidney,  595 
with  acute  nephritis,  587 
with  low  general  blood-pressure, 
586 

Apocoptic  plethora,  changes  after,  704 
Apoplexy,  cerebral :  and  respiration,  669 

and  thermogenesis,  403 
Ai-gyria,  465 

Arsenic  and  fatty  degeneration,  449 

and  hypertrophy,  477 
Arsenic  testing  by  bacteria,  25 
Arteries  :  calcification  of,  461 

calcification  of,  and  heart,  105 
local  dilatation  of,  124 
obstruction  of  (summary),  114 
occlusion  of  anastomosing,  112 
occlusion  of  terminal.  111 
Arterio-sclerosis  ;  cardiac  effects,  104 

relations  with  atheroma  and  cal- 
cification, 461 
thrombosis  in,  118 
vascular  changes  in,  102,  104 
Arteritis  deformans,  461 
and  gangrene,  118 
and  thrombosis,  118 
effects  upon  heart,  105 
Ascites,  effect  upon  respiration,  668 
'  Aseptic  surgery,'  275 
'  Aseptic  wounds,'  275 
Asphyxia,  681 

and  experimental  poisoning  with 

diphtheria  toxin,  684  {iiote) 
cardiac  changes,  85 
fluidity  of  blood  after  death,  147 
glycosuria,  560 

parts  taken  by  excess  of  CO.^  and 

deficiency  of  0,  683 
respiratory  and  vascular  changes, 

682 


Asphyxia  and  secretion  of  urine,  526 

Asthma,  spasmodic,  649 

Asymmetrical  mitoses,  513 

Atelectasis,  655 

Atheroma,  calcification  in,  461 

changes  of  vessel  wall  in,  102 
fatty  degeneration  in,  447 

Atrophy,  466 

and  paralytic  secretion  of  saliva, 
535 

changes  undergone  by  parts  during, 
473 

from  disuse,  468 

from  pressure,  467 

in  chronic  fibroses,  473,  479 

in  scirrhus,  493 

of  nervous  origin,  470 

physiological,  467 

senile,  '469 

true  and  numerical,  466 
acute  yellow,  and  urasmia,  594 
Attenuated  bacteria,  characters  of,  351 

virus,    immunity    produced  by 
inoculating  with,  343 
Attenuation  of  anthrax,  37 

of  bacteria  by  heat,  30 
Autolysis,  289,  363 

Auto-toxication  and  Addison's  disease, 
627 

and  myxoedema,  622 
Azoturia,  531 


Babes-Ebnst  gbanules,  14 
Bacilluria,  617 
Bacillus,  13 

sporogenous  and  asporogenous,  lb 
'Bacillus    coW    as     a  pathogenetic 
microbe,  351 
and  gall-stones,  606 
pyocyaneus,  and  anti-substances,  379 
and  inheritance  of  imnrunity,  348 
typhosus  in  bile  and  urine,  384,  605, 
616 

Bacteria.    See  Bacilli,  Micrococci,  &c. 
acid-fast,  36 

aerobiosis  and  anaerobiosis,  21 
and  bronchitis,  647 
and  specific  diseases,  44 
and  suppuration,  277 
antagonism  of,  41 
arsenic  testing  by,  25 
attenuation  by  heat,  30 
classification  of,  11 
fat  in,  14 
fission,  15 
granules  in,  14 
in  expired  air,  647 

motility,  19  .  ,  ui  ^ 

passage  through  placental  blood- 
vessels, 346 
passage  through  renal  epithelium, 

616 

pathogenicity.  42 
pentoses  in,  14 
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Bacteria,  pleomorphism,  37 
reproduction,  15 

saprophytism  and  parasitism,  22 

specificity,  44 

spore-formation,  16 

structure  of,  14 

symbiosis,  39 

thermal,  28 

variability,  36 

vital  properties,  15 
action  upon,  of  chemical  agents,  34 

of  cold,  29 

of  desiccation,  31 

of  electricity,  33 

of  gases,  34 

of  heat,  29 

of  light,  31 

of  mercurial  salts,  35 

of  temperature,  28  ' 
(dead)  and  pus-formation,  278 
products  of  life  history,  23  et  seq. 

acids  and  alkalies,  24 

enzymes,  25 

gases,  24 
jpigment,  23 
in  alimentary  canal,  thermogenesis 
by, 390 
Bacterifemia,  285 

Bacterial  factors  influencing  infection, 
349 
toxins,  26 

and  fatty  changes,  448 

and  lardaceous  change,  455,  457 

and  myocarditis,  89 

and  nephritis,  550 
Bactericidal  action  of  serum,  353 
Balaniidium  coli,  56 
Banti's  disease,  167 

Barometric     pressure     and     '  caisson ' 
disease,  676  (note) 

and  mountain-sickness,  675 
Basophil  cells,  151 

in  leucho3mia,  172 
Bath,  cold,  in  hyperpyrexia,  417 

hot,  and  hyperthermia,  398 
Baths,  temperatures  of  normal  and  febrile 

persons  in,  428 
Bed-sores,  293 

Bile,  secretion  of,  and  steatorrhcea,  555 

in  fever,  418 
Bile-pigment.    See  Jaundice 
Bile-salts  :  and  bilirubinuria,  610 

and  bradycardia,  95,  610,  611 
Bilharzia  hcematobia,  538  [note) 
Bilirubin-calcium,  605,  606 
Birds  and  experimental  diabetes.  566 
Bladder,  urinary,  atony  of,  582 

rupture  of,  and  shock,  694 
Blastomycetes,  12 
Blindness  in  acromegaly,  630 

in  acute  uremia,  589 

in  diabetes,  560 
Blood  :  alkalinity  of,  147 

alkalinity  and  gastric  ulcer,  294 

amount  of  sugar,  547  (note),  562 


Blood  and  constancy  of  temperature,  393 
and  nutrition,  438 
changes  in  hyperthermic  animals 
401 

chlorides  in  febrile,  420 
effects  of  toluylenediamin,  162 
in  dogs  with  Eck's  fistula,  593 
in  gout,  597 
instability,  139 

loss  of  blood  and  infection,  341 
mass  of,  139 

oxygen  tension  of  arterial,  657, 

658 
residual,  76 

temperature  in  portal  and  hepatic 
veins,  390 
specific  gravity  of,  after  burns  and 
scalds,  701 
after  transfusion,  705 
in  apocoptic  plethora,  704 
in  collapse,  699 
in  laparotomy,  700 
Blood-clot,  changes  in,  during  repair  of 
wounds,  318 
in  repair  of  bone,  321 
Blood-corpuscles,  colourless,  150  et  seq. 

seats  of  formation,  175.    See  also 
Leucocytes 
red,  148 

diapedesis,  231,  241 
distribution  in  hyperthermia,  416 
formation  in  adult,  176 
formation  in  embi-yo,  173 
in  febrile  disease,  415 
nucleated,  176 
sources  of,  in  aneemia,  176 
Blood-flow,  acceleration  of,  in  inflamma- 
tion, 228 
velocity  of,  and  thrombosis,  117 
Blood-plasma,  alkalinity  of,  147 

in  fever,  414 
Blood-platelets,  154 

Blood-pressure,  arterial,  after  transfusion, 
702 

and  albuminuria,  549 
and  anuria,  586 
and  secretion,  525 
and  stimulation  of  afferent  nerves, 
696 

effects  of  paralytic  congestion  on, 
125 

in  asphyxia,  86,  682 
in  collapse,  699 
in  dyspnoea,  684 
in  fever,  417 
in  hasmorrbage,  133 
in  pericardial  effusion,  60 
in  shock,  696 
pulmonary,  in  heart  disease,  79 
venous,  and  lymph-flow,  189  et  seq., 
213. 
in  asphyxia,  86 
in  pericardial  effusion,  61 
Blood-pressures,  capillary  and  venous, 
191 
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Blood-serum,  crystalloids  in,  185 

germicidal  properties  of,  353 
volume  of,  in  fever,  414 
and  salt  solution,  osmotic  equilibrium 
between,  223 

Blood-supply,    deficient,    and  pressure 
atrophy,  467 

Blood-vessels  :  and  absorption,  221 
and  albuminuria,  551 
causes  of  dilatation,  103 
causes  of  stenosis,  102 
dilatation  in  inflammation,  228 
diminution  of  calibre,  102 
effects  of  acids  and  alkalies  on,  126 
effect  of  supra-renal  extract  on, 
628 

elasticity,  101 

importance  in  oedema-formation, 
212 

increased  rigidity,  104 
in  fever,  418 

in  initial  stage  of  fever,  410 
inflammatory  changes,  229 
lardaceous  change,  452,  454 
new  formation,  306 
rupture,  108 

rupture  by  coughing,  642 

septic  and  aseptic  obstruction,  122 
Bone :  inflammation,  235 

removal  by  phagocytes,  261 

repair,  301,  321 

'  trophic  '  changes,  486 
Bone-marrow  in  anaemia,  168,  173,  176 

in  hyperthermia,  401  . 
Bovine  and  human  tuberculosis,  351 
Bradycardia,  95 

in  jaundice,  610,  611 
Brain :  and  oedema,  217 

lesions  of,  and  hyperthermia,  402 

repair  of,  312 
and  adrenal  bodies,  development  of, 

627,  629 

Bronchioles,  affection  of,  in  asthma,  660 
Bronchiolitis,  649 
Bronchitis,  647 

capillary,  649 

plastic,  649 
Broncho  -  pneumonia  :   and  collapse  of 
lung,  656 

diphtheritic,  646 
Bronchus,  entry  of  foreign  substances  into, 
646 

Brown  atrophy  of  heart,  465 

Bruit  de  diable,  74 

Bulbar  paralysis :  and  glycosuria,  562 

and  disorders  of  respiration,  645 

and  ptyalism,  534 
Bull-dogs,  infective  disease  of,  507 
Burns  and   scalds :   hypothermia  after 
superficial,  408 

shock  after,  700 


Calcification,  460 

and  coagulation,  462 


Calcification  of  capsule  around  an  irritant, 
262 

of  new -growths,  493 
of  thrombi,  146 

physiological  and  pathological,  461 
Calcium  salts  and  coagulation  of  blood, 
140 

and  hoematoxylin,  461  [note) 
and  heart-action,  88 
Calculi,  604 

and  suppression  of  urine,  595 
intestinal,  605 
phosphatic,  607 
renal,  606 

shock  accompanying  passage  of, 
694 

Callosity,  formation  of,  301  ' 

Callus,  322 

Calorie,  389  [note) 

Cancer  :  and  acetone  in  urine,  421 

endemic  location,  511 
'  Cancer  parasites,'  503 
Capillaries  :  cement  substance  in  inflam- 
mation, 213 
new  formation,  307 
stomata  in  renal,  551  {note) 
Capillary  pulsation,  135 
Carbohydrate,  formation  of  fat  from,  446 

heat  value  of,  389 
Carbon  dioxide,  poisoning  by,  676 
monoxide,  poisoning  by,  676 
and  fatty  change,  451 
and  glycosuria,  560 
Carbuncles  in  diabetes,  560 
Carcinoma,  anaemia  in,  166 
leucocytosis  with,  180 
and  sarcoma,  characters  of,  491 
Cardiac  dyspnoea,  670 

failure :  heart-action  in,  87 
in  asphyxia,  86 
pathology  of,  82 
oedema,  distribution  of,  214 
'  Cardinal  signs  '  of  inflammation,  227 
Caries,  290,  296 
i  and  ulceration,  similarity  of,  299 

Carnification,  661 
Cartilage,  repair  of,  301 
Cartilages  of  gouty  joints,  598 
Cell,  part  played  by,  in  nutrition,  489 
Cell-nucleus  and  phosphorus,  451 
Cells  and  fatty  changes  in  cells,  449 

destruction  of,  and  fever,  426  : 
Cellulo-humoral  theory  of  immunity,  371 
Centres,  cerebral  heat,  395,  402 
j  Centripetal  impulses,  effects  of,  on  blood- 
!      pressure,  696 

j  Cerebral  anaemia  and  uraemia,  591 

lesions,  hyperthermia  after,  402 
puncture  and  curative  action  of 
i!  fever,  435 

:  Chain-sporulation,  17 
Chalicosis,  465 
'  Charcot's  arthropathy,'  485 
I  crystals,  1()9 

1  and  asthma,  651 
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Chemical  products,  immunisation  by,  344 
Chemiotaxis,  242 

and  spread  of  inflammation,  281 

negative,  and  infection,  366 
Cheyne-Stokes  respiration,  687 
Children,  instability  of  temperature  in,  404 
Chlorides  in  febrile  urine,  420 
Chloroform  inhalation,  678 
Chloroform-narcosis  and  nucleo-albumin- 
uria,  5r54 

heart  and  nerve  changes  in,  681 
Chlorosis,  blood-changes  in,  164 
Cholera,  Asiatic,  and  collapse,  694 

gangrene  in,  443 

infection  in  man  and  animals,  337 
inoculations  against,  343 
leucocytosis  in,  180 
loss  of  albumin  in,  5i5 
water  and  epidemics  of,  335 

Cliolesterin,  formation  of,  606 

Chromatoblasts,  termination  of  nerves  in, 
627 

Chyluria,  557 

Ch-culation,  invasion  of,  by  bacteria,  281 
Citrates  and  coagulation  of  blood,  140 
Clot,  ante-  and  post-mortem,  145 
Cloudy  swelling,  459 

and  fatty  change,  414 

in  fever,  414 
Coagulability  of  blood  :  diminished,  146 

experimental,  140 

increased,  143 

in  fever,  415 
of  chylous  urine,  557 

of  exudations,  196,  236 
Coagulation  and  nucleo-proteids,  444 

experimental  work,  140 
Coagulation-necrosis,  443 

and  false  membranes,  237 
Coagulins  and  anti-coagulins,  145,  334 
Cobra -poison  and  coagulation  of  blood, 
141,  143 

Coeliac  ganglion  and  coagulation  of  blood, 
141 

Cold  :  and  infection,  341 

and  paroxysmal  heBmoglobinuria, 
543 

death  from  exposure,  406 
inflammation  caused  by,  252 
sensation  of,  in  initial  stage  of 
fever,  410 

Colitis,  membranous,  545 
ulcerative,  537 

Collapse,  698 

anuria  in,  587 
of  lung,  655 

in  pleural  effusion,  661 
removal  of  air  from  alveoli,  656 

Colliery  explosions,  cause  of  death  in,  676 

Colliquative  necrosis,  444 

Colloid  change,  457 
in  cancer,  493 

material  in  thyroid  body,  622,  624 
Coma,  576,  589,  591 
Compensatory  hypertrophy,  475 


Compound  fracture  of  bone,  322 
Concussion  of  the  brain,  695 
Congestion.    See  also  Hypersemia 
active,  after  anasmia,  203 
and  cyanosis,  208 
and  functional  activity,  203 
hypostatic,  132 
Connective  tissue,  fibrinoid  degeneration 
of,  238 
interchangeability  of,  301 
Constipation,  577 
Contagion,  333 

Convalescence,  acquired  immunity  in,  384 
alkalinity  of  blood  in,  415 

Convulsions,  epileptiform,  after  haemor- 
rhage, 178 
after  thyi'oidectomy,  620 

'  Copraemia,'  579 

Corneal  ulcer,  296 

Coronary  artery,  embolism  of  (case),  90 
experimental  ligature,  91 
Btenosis  of,  90  et  seq. 

Corpus  striatum  and  thermogenesis,  395, 
403 

Corrosive  poisons,  hypothermia  from,  408 

Coughing  :  and  sneezing,  640 

m  chronic  bronchitis,  641 
pathological  effects  of,  641 

Cretinism,  619 , 

Crisis,  defervescence  by,  411 

Croupous  '  false  membranes,'  238 

Crucial  sulcus  and  thermogenesis,  395 

'  Cupping,'  131 

Curare  :  and  arterial  congestion,  125 

and  glycosuria,  560 

and  heat  regulation,  395  (note),  408 

and  oedema,  213 

and  output  of  carbonic  acid,  564 
Cystitis :  and  consecutive  nephritis,  584 

changes  of  urine  in,  618 
Cysts,  517 

ovarian,  and  pseudo-mucin,  458 
Cytotoxins  and  cytolysins,  354 


Deaf-mutism,  8 

Death :  from  acute  intestinal  obstruction, 
579 

from  exposure  to  cold,  406 
from  hyperthermia,  400,  401 
from  obstructive  suppression  of 

urine,  595 
from  rupture  of  intra-pericardial 

aneurysm,  63 
in  nervous  disease  involving  re- 
spiratory muscles,  668 
fall  of  temperature  before,  412 
Defaacation  centre,  torpidity  of,  578 
Definitions  of  inflammation,  324-328 
Degeneration,  fatty,  of  pus-cells,  269 

Zenker's,  250,  459 
Degenerations  and  infiltrations,  446 
Dermoid  cysts,  518 

Development  and  heat  regulation  at  birth, 
405 
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Diabetes  insipidus,  528,  530,  533 
mellitus,  559 

and  gout,  603 

and  phosphaturia,  561 

disappearance  of  sugar  in  fever,  574 

polyuria  in,  531,  532 

symptoms  of,  560 

theories  of,  569 
Diabetic  centre,  565 

coma,  576 
Diacetic  acid  in  urine  in  fever,  421 
Dialysis  and  absorption,  223 

effects  of  proteid  on,  223 

example  of,  187 
Diapedesis,  230,  241 

after  injection  of '  tissue-fibrinogen,' 
198 

in  venous  congestion,  128,  130 
Diaphragm  and  asthma,  651 
Diarrhoea,  pathology  of,  529 

profuse,  and  collapse,  694 

'  spurious,'  530 
Diastases,  275 

Diet  and  respiratory  quotient,  397 
Diffusion,  example  of,  186 
Digestive  vacuoles,  246  (note) 
Dilution  of  irritant,  260 
Diphtheria,  albuminuria  in,  421 
bacilli  and  pus,  280 

multiplication  of,  in  milk,  335 
immunity  to,  produced  by  Klein,  343 
(note) 

in  man  and  animals,  337 
toxin  and  fatty  changes,  448 
Diphtheritic  '  false  membranes,'  237 

paralysis    involving  respiratory 
muscles,  668 
Diplococcus,  13 

Disease :  bacterisemic  infective,  336 
generalisation  of  a,  511 
intoxicative  infective,  336 
organic  and  functional,  3 

Disinfectants  and  antiseptics,  34 

Dissecting  aneurysm,  110 

Disuse  and  atrophy,  440 

Dose  of  bacteria  and  infection,  349 

Dropsy.    See  CEdema 

Drugs,  hyperthermia  following,  404 

non-absorption  of,  in  shock,  697, 
698 

selective  excretion  of,  528 

Dyes,  361 

Dyspnoea,  684 

cardiac,  670 

in  asthma,  650 

in  hyperthermia,  673 

in  laryngeal  paralysis,  685 

in  pneumothorax,  662 

in  pulmonary  embolism,  670 

inspiratory  and  expiratory,  685 

renal,  672 


Eck's  fistula,  and  liver  as  sugar-destroying 
organ,  563 


I  Eck's  fistula  and  urremia,  592 
I  Eclampsia,  puerpeial,  554,  596 
!  Efferent  tract,  schema  of,  470 
I  Egg-albumin,  excretion   of,   by  kidney, 
547 

Egg,  white  of,  extraction  of  sugar  from, 
569 

Elastic  fibres  in  endarteritis,  103 

regeneration  of,  309 
Electricity  and  bacteria,  33 
Embolism,  114 

and  gastric  ulcer,  295 
j  pulmonary,  115,  670 

Embolus,  origin  of  an,  115 

septic  and  aseptic,  122 
j         septic,  and  formation  of  abscess,  272 
j  Embryo,  immunisation  of,  348 

maternal  infection  of,  347 
Embryonic  remnants,  theory  of,  498 
j  Emphysema,  642 

cardiac  changes  in,  84 

effects  of  skeletal  changes  in,  667 

in  pleural  effusion,  661 
Emphysematous  gangrene,  442 
Empyema,  660 

and  pneumothorax,  664 
Encapsulation,  261 

Endarteritis  obliterans,  thrombosis  in. 
118 

Endocarditis,  causes  of,  65 

myocardial  changes  in,  87,  89 
varieties  of,  67 
ulcerative,  286 

micro-organisms  in,  67 

Endothelioma,  491 

Endothelium,  regenerative  processes  in, 
305 

Enteroliths,  604 
Enzymes,  25,  274 

Eosinophil  cells.    See  Oxyphil  cells 
Epiglottis  and  swallowing,  645 
Epilepsy  and  asthma,  652 
Epithelium,  maintenance  of  type  of,  301 
regeneration  and  repair  of,  300 
in  cysts,  characters  of,  519 
Ergotism,  119 
Erysipelas  :  and  fever,  434 

and  hasmal  infection,  285 
heat  loss  in,  432 
1  and  imrtlunity,  343 

I  and  local  immunity,  348 

Eschar,  289 
Ether  inhalation,  681 
Evaporation  and  hyperthermia,  399 
and  thermolysis,  390 
1  Exchange,  inhibition  of,  697 
i  Exophthalmic  goitre,  622 
Expiration,  effects  of,  upon  circulation, 
642 

1  Extra-cellular  and  intra-cellular  poisons, 
!  26 

destruction  of  bacteria,  368 
Exudation :   advantages  and  disadvan- 
tages, 240 
coagulability,  196 
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Exudation :  colour,  239 
Eye,  enucleation  of,  cerebral  changes  after, 
473 


F^CES  :  characters  in  steatorrhcea,  555 
incontinence  in  fevers,  422 
retention,  577  et  seq. 

FaBcoliths,  604 

*  False  membranes,'  croupous  and  diph- 
theritic, 237 
Fastigial  stage  of  fever,  410 
Fasting,  respiratory  quotient  in,  397 
animals,  temperature  of,  407 
Fat :  derived  from  proteid,  446 

disease  of  pancreas  and  loss  of,  556 
emulsification,  556 
emulsification    by   bacterial  fer- 
ments, 557 
heat  value,  389,  394 
in  bacteria,  14 
loss  in  starvation,  217 
deposition  of,  after  castration,  632 
necrosis,  445 
Fatigue  and  susceptibility  to  infective 
disease,  341 
and  toxicity  of  supra-renal  extract, 
627 

Fatty  acids  and  fat  necrosis,  445 
change  and  anaemia,  177 

and  cloudy  swelling,  414,  460 
in  hyperthermia,  401 
degeneration  and  infiltration,  446 
Feeding  and  production  of  active  im- 
munity, 344  1 
Fever  :  ffitiologv,  425  | 
covering  of  proteid  by  glucose,  574  ! 
essential  phenomenon,  409  ! 
internal  and  superficial  tempera-  | 
tares,  393  j 
nature  of  process,  427  { 
nervous  symptoms  and  cold  baths, 
.417 

respiratory  exchairge,  422 
significance,  434 
stages,  409 

sweating  in  various  stages,  409 

tongue  in,  413 
Fibrin  as  nutriment  in  repair,  265 

in  exudations,  196 
Fibrinoid    degeneration    of  connective 

tissue,  238 
Fibro-adenoma,  cysts  in,  519 
Fibroblasts  :  characters,  302 

origin,  303 

origin  of  fibrous  tissue  from,  305 

phagocytosis  by,  248 
Fibro-myoma,  calcification  of,  461 
Fibrosis,  chronic,  324,  478 
Fibrous   tissue,   deposition    of  sodium 
biurate  in,  598 

stroma  of  new-growths,  514 
Filaruc,  557  {note) 
Filtration,  186 

Fishes,  oxygen  in  air-bladder  of,  657 


Fistula,  614 

Eck's,  563,  592 
Flagella,  19 

Food  and  respiratory  quotient,  397 

and  thermogenesis,  388 
improper,    and     susceptibility  to 
infection,  341 
Food-stuffs,  heat  values  of,  389 
Fracture  of  bone,  repair  of,  321 

of  rib  and  pneumothorax,  663 
Fractures,  tendency  to  spontaneous,  469 
Freezing-point  and  osmosis,  187 
Friedreich's  paralysis,  470 
Frost-bite,  gangrene  from,  443 
Fungi,  classification  of,  11 

Galactokuh(ea,  529,  534 
Gall-bladder,  foreign   bodies  introduced 
into,  605 
micro-organisms  in,  384,  605 
Gall-stones,  605 

Ganglion  cells  :  and  hyperthermia,  402 

and  nutrition,  440,  470 

calcification  of,  460 
Gangrene  :  and  ulceration,  289 

dry,  441 

emphysematous,  442 
following  temporary  ischaemia,  121 
in  diabetes,  560 
moist,  122,  441 
Gaseous  exchange  in  lung,  656 
Gastric  juice :  hyperacidity  and  gastric 
ulcer,  295 
influence  of   vagus  on  secretion,. 
527 

secretion  of,  527 
secretions  in  fever,  418 
Genealogical  tree  :  deaf-mutism,  8 
digital  malformations,  8 
hffimophilia,  8 

spontaneous  fracture  of  bone,  469 
General  paralysis  of  insane  and  inhalation 
pneumonia,  645 
pathology  :  and  diagnosis,  3 
and  prognosis,  5 
and  treatment,  4 
Generalisation  of  a  disease,  511 
Geographical    distribution    of  special 

diseases,  7 
Giant-cells,  313 

and  phagocytosis,  248 
in  caries,  298 
mode  of  formation,  315 
Gigantism,  466 

Gland :  changes  after  cessation  of  stimu- 
lation, 257 

heat  formation  in,  389 

hypersecretion  after  transfusion, 
704 

regeneration,  312 

repair,  310 
Glanders  in  man  and  horse,  338 
Glass,  as  an  aseptic  irritant,  261 
Glomeruli  and  albuminuria,  549 
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'  Glossy  skin,'  472 
GlycBemia  in  diabetes,  5(52 

in  phloriclzin-diabetes,  567,  568 
Glycogen :  fate  of,  563 

in  leucocytes,  564  (note) 
in  muscle,  564  {note) 
in  phloridzin-diabetes,  567 
in  renal  epithelium,  561 
in  tumours,  489 
seasonal  variation  of,  6 
Glycolytic  ferment,  564 
and  diabetes,  572 
theory  of  diabetes,  570 
Glycosuria:    after    experimental  nerve 
lesions,  565 
alimentary,  559 
characters  of  patient,  560 
kind  of  sugar  present  in,  559 
and  diabetes,  difference  between,  674 
Glycuronic  acid  in  urine,  560 
Goitre  and  cretinism,  619 
exophthalmic,  622 
tachycardia  in,  95 
Gout,  597  et  seq. 

and  diabetes,  603 
and  lead,  603 
chemistry  of,  599 
inflammatory  exudations  in,  240 
premonitory  symptoms  in,  599 
Grafting  of  epithelium,  300 

subcutaneous,  of  pancreas,  567 
of  thyroid,  621 
'  Grafts '  in  cancer,  506 
Granulation  loops,  306 
tissue,  304,  309 

and  sarcoma,  506,  507,  509 
and  septic  intoxication,  320 
'  Granulations '  on  cardiac  valves,  66 
Granules  in  cloudy  swelling,  460 
in  oxyphil  cells,  248 
metachromatic,  in  bacteria,  14 
Graves's  disease,  622 
Gravity :  and  distribution  of  cedema,  214 
and  the  circulation,  132  (note) 
and  venous  congestion,  130 
Growth  and  osmosis,  478 

of  offspring  of  diseased  parents, 
439  (note) 
'  Growth-hberation,'  477 
and  cysts,  519 
and  hypertrophy,  477 
and  neoplasms,  513 

H;EMAii  infection  and  local  lesions,  285, 
336 

Hsemathidrosis,  536 
HoBmatoidin,  463 
Htematoma,  518 
Heematopoiesis,  173 

and  spleen,  174 
Hcematozoa,  49 
Hsematuria,  538 

and  piropiasma,  55 

endemic,  538 


Hsematuria  in  malignant  disease,  540 

in  nephritis,  539 

with  renal  calculi,  540 
Hffimoglobin,  absence  of,  in   serum  of 
hyperthermic  animals,  416 

and  oxygen-tension,  675 
Hffimoglobinuria :  and  malaria,  541 

causes  of,  540 

from  muscular  exertion,  542  (note) 
paroxysmal,  541 
toxic,  162,  541 
Heemoglobinuric  fever,  541,  542 
Hffimolysis,  362,  374 

and  hfemoglobinuria,  540 
toxic,  162,  611 
Haemophilia,  anasmia  in,  159 

coag  ulability  of  blood  in,  147 
leucocytes  in,  160 
HtemophiUc  family,  genealogical  tree  of,  8 
Haemorrhage,  133 

anaemia  following,  158 
and  collapse,  695 
and  shock,  695 
blood-pressure  in,  133 
by  intestine,  536 

from  diminished  support  of  vessels, 
131 

into  new-gi-owths,  494 
leucocytosis  after,  181 
velocity  of  issuing  blood-stream, 
134 

cerebral     and    increased  thermo- 

genesis,  403 
in  typhoid  fever,  and  temperature, 

412 

Haemorrhages  in  anaemia,  178 
Haemorrhagic  infarct.    See  Infarct 
Haemosiderin,  463 
Haemostasis,  120 

and  oedema-formation,  202 
Health  and  disease,  2 
Heart :  afferent  nerves,  92,  98 

arrest  and  centripetal  impulses, 
696 

brown  atrophy,  465 
changes  in  asphyxia,  86 
changes  in  emphysema,  84 
changes  in  diphtheria,  89 
changes  in  pulmonary  conditions, 
85 

congenital  malformation,  92 
dilatation,  74  et  seq. 
dilatation  and  orthopnoia,  686 
dilatation  of  right  side,  79 
effects  of  bacterial  toxins,  89 
effect  of  chloroform,  679 
effect  of  ether,  681 
effects  of  pleural  effusion,  662 
effects  of  pneumothorax,  663 
effect  of  supra-renal  extract,  628 
»   estimated  heat  formation,  389 
failure,  83 
fatty  changes,  448 
fibrosis,  479 
I  output  after  transfusion,  703 
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Heart  nerves,  98 

quantity  of  residual  blood,  76 
reflex  inhibition  and  shock,  696 
reserve  power,  82 
rupture,  88 

survival  of  mammalian,  89 
weight  of  hypertrophied,  80  {')iote) 
Heart-action  :  effects  of  acids  and  alkalies, 
88 

effects  of  anaemia,  88 
eifect  of  blood-changes,  88 
in  fever,  417 

in  hyperthermic  dog,  400 

in  shock,  694 
Heart-beats  :  idio-ventricular,  96 

periodic  grouping  of,  690 
Heart-disease,  compensation  in,  78,  81 

principles  directing  treatment,  83 
(note) 

Heart,  ganglia  of,  changes  in,  89 
Heart-muscle,  changes  in  hypertrophied, 
474 

various  changes  in,  87 

Heart-rhythm,  variations  of,  94  et  seq. 

Heart-sounds  :  abnormal— soe  Murmurs 
reduplication  of,  97 

Heart-valves  :  chronic  fibrosis,  69 
liability  to  disease,  65 
murmurs  due  to  lesions,  71 
nature  of  vegetations,  66 

Heart-wall :  effects  of  valvular  lesions,  77 

>  I  et  seq. 

Heat,    '  active    immunisation '  against, 
399 

and  fatty  changes,  450 
inflammation  caused  by,  252 
and  cold  :  as  causes  of  pathological 
change,  406 
influence  on  temperature  of  mouth, 
396 

apoplexy,  400,  401,  413 
centres,  cerebral,  395,  403 
dyspnoea,  673 
loss  and  fever,  432 
regulation :    and    development  at 
birth,  405 
means  employed  in,  394 
retention.    See  Hyperthermia 
values  of  food-stuffs,  389 
•work,  and  potential  energy,  389 
Hemiplegia,  respiration  in,  669 
Hepatic  glycogen  and  diabetes,  563 
'  Hepatisation  '  of  lung,  235 
Hepatitis,  acute,  changes  in,  250 
Hibernation:  Cheyne-Stokes  respiration 

in,  690 
Hodgkin's  disease,  170 
Humoral  theory  of  immunity,  370 
Hunger  and  susceptibility  to  infective 

disease,  341 
Hyaline  cells,  151 

at  focus  of  inflammation,  245 
in  repair,  304 
change,  the,  459 
HydrtBmia  and  cachectic  oBdema,  200 


Hydrasmic  plethora:    and  acute  renal 
dropsy,  200,  209 

and  lymph-flow,  191 

and  (jedema,  200 
Hydrobilirubin  in  faeces,  610 
Hydronephrosis,  585 
Hydruria,  531,  533 

Hypersemia :  active  and  paralytic,  124 
arterial,  124 

from  diminished  pressure,  131 
hypertrophy  in  venous,  129 
hypostatic,  132 

mechanical,  and  albuminuria,  552 

venous,  127 
Hyperhidrosis,  534 
Hyperplasia,  466,  474 
Hyperpyrexia,  412 

cold  baths  in,  417 
Hyperpyrexial   and   hyperthermic  tem- 
peratures, comparison  of,  413 
Hyperthermia,  398 

anatomical  lesions  following,  401 

and  fatty  changes,  450 

and  pyrexia,  distinctions  between, 
433 

Hypertrophy  and  hyperplasia,  474 
and  venous  congestion,  129 

Hypnotic  suggestion  and  inflammation, 
255 

Hypoplasia,  466 
Hypothermia,  405 
Hysteria,  polyuria  in,  531 
Hysterical  patients  and  hyperthermia, 
405 


IcTEHDS  neonatorum,  608,  613 
Imbibition  in  reference  to  absorption,  222 
Immobility  and  arrest  of  irritant  action, 

254,  262 
Immunity,  active,  343 
active  acquired,  343 

and  age  of  individual,  340 

and  alkalinity  of  blood,  415  . 

differences  between  active  and  pas- 
sive, 345 

inherited,  346 

limit  of  acquired,  343,  344 

local,  348 

passive,  344 

specificity  of,  381 

theories  of,  364 
Incompetence  of  aortic  valves,  71 

of  mitral  valves,  72 

of  tricuspid  valves,  73 
Incubation,  332 

Incubation  period  :  pathological  meaning 

of,  333 
Indicanuria,  615 

'  Indifferent '  substances,  187  (note) 
Indiguria,  615 

Infantile  paralysis  and  nutrition,  440 
Infarct,  formation  of.  111 

hepatic,  116 

pulmonary,  116 
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Infarction,  later  changes  after  aseptic, 
292 

Infection,  bacterial  factors  in  ioflilencmg, 
349 

hffimal,  in  local  infective  disease, 

285,  336 
insects  and,  334 
the  agent  in,  332 
indirect,  335 
Infective  disease,  330 

change  of  type,  336 
toxic  action  in,  332 
types  of,  335 

types  in  different  animals,  337 
diseases  and  leuchsemia,  170 
theory  of  malignant  new-growths, 
501 

Infiltrations  and  degenerations,  446 
Inflammation :  after  hypnotic  suggestion, 
255 

and  repair,  265 
chronic,  324 

degeneration  and  proliferation  m 
region  of,  249 

efl'ect  of  nature  of  irritant,  251 

effect  of  tissue  on  type,  253 

'  essential '  factors,  B25 

giant-cells  in  chronic,  314 

parenchymatous,  250 

pathological  sequels,  267- 

phenomena,  227 

physiological  sequels,  258 

significance,  324 

spread,  252,  265 

tissue  changes  in,  249 

variations  in  type,  251 

wandering  cells  at  focus,  244 
Influenza  and  immunity  343 
Inhalation-pneumonia,  645 
Inheritance  of  deaf-mutism,  8 
of  gout  and  diabetes,  603 
of  haemophilia,  8 
of  malformations,  8 
Inherited  susceptibility  and  immunity, 

346  „„_ 
'  Inhibition  of  exchange,  697 
Injury  and  attacks  of  gout,  601 

seats  of,  and  pytemia,  284 
Inoculation,  seat  of,  and  infection,  350 
Insects  and  infection,  334 
Insolation.    See  Sunstroke 
Inspiration,  effects  of,  upon  circulation, 

641 

Intention,  healing  by  ^l'^ 

healing  by  second,  319 
Intermittence  of  pulse,  95 
Internal  secretion  ;  of  kidney,  59fa 

of  i)ancreas,  571 

of  pituitary  body,  629 

of  salivary  glands,  632 

of  sex-glands,  631 

of  spleen,  632 

of  supra-reno.1  bodies,  627,  bio 
of  thyroid  body,  622  _ 
Intestinal  obstruction,  anuria  in,  581 


Intestine,  loss  of  albumin  by,  545 
Intra-cellular  digestion,  246  {noie) 

poisons,  27 
Intra-thoracic  pressure,  641 
lodothyrin.    See  Thyroiodin 
Irregularity  of  pulse,  96 
Irritant.    See  also  Inflammation 
Irritant  action,  arrest  of,  260 
Irritants  :  and  stimuli,  262 
complex  nature,  258 
dilution,  260 

effects  on  living  tissue,  254 
intensity  and  pus-formation,  275 
intensity  and  type  of  inflammation, 
252 

living  and  non-living,  251 
primary  and  subordinate,  258 
removal,  260 
varieties,  251 
Ischsemia,  110  et  seq- 

causes,  114  et  seq. 
of  nervous  origin,  119 
temporary,  120 
Isotonic  solutions,  188 


Jaundice,  608 

bradycardia  in,  95 

exudations  in,  240 

from  obvious  obstruction,  blO 

infantile,  608,  613 

toxeemic,  611 
Joints  :  affected  in  gout,  SO?.  601 

'  trophic  '  changes  in,  484 


Kaibin,  action  of,  426 
Kidney  :  absorption  by  tubules,  532 
changes  in  diabetes,  561 
chronic  fibrosis,  479  _ 
chronic  fibrosis  and  polyuria,  531 

532,  533 
function  in  fever,  419 
hypertrophy,  475,  476,  477 
lardaceous  change,  454 
passage     of     micro  -  organisms 

through,  616 
regeneration,  312 
secretion  and  blood-pressure,  52b 

'  uratic,'  598 

urine  and  urea  excretion  after 
nearly  complete  extirpation,  594 
disease  of,  and  Cheyne- Stokes  re- 
spiration, 688 
Kiloealorie,  389  {note) 
Koch's  '  postulates,'  44 

Lactic  acid  in  febrile  blood,  415 
Landry's  paralysis  and  disorders  of  re- 
spiration, 668  ,  T  v  .  KC.1 
Langerhans,  islands  of,  and  diabetes,  5bl, 

575 

Laparotomy,  specific  gravity  of  blood  in, 
700 
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Lardacein,  characters  of,  453 
Lardaceous  change,  the,  452 
earliest  onset,  456 
experimental  production,  454 
nature,  456 
seats,  454 
and  hyaline  changes,  453 
disease,  dropsy  of,  210 
Laryngitis,  cough  in,  641 
Larynx,  disorders  of,  and  modified  re- 
spiration, 640,  644 
Latency  of  bacteria,  278  (note) 
in  infective  disease,  382 
Lead  and  gout,  603 

palsy  involving  respiratory  mus- 
cles, 668 
Lecithin  :  and  fatty  changes,  451 

presence  in  adrenal  bodies,  629 
Leprosy,  latency  of,  382 
Leuchasmia,  168 

and  infective  diseases,  170 
Lowit's  bodies  in,  170 
origin  of  leucocytes,  175 
uric  acid  excretion,  424 
varieties,  169 
Leucin  and  tyrosin  in  gangrenous  mass, 
442 
in  pus,  274 
Leucocytes  :  and  alkalinity  of  blood,  415 
and  fibroblasts,  303 
and  phagocytosis,  246 
atypical,  of  leuchsemia,  172 
conditions  necessary  for  migration, 
241 

disintegration  and  uric  acid,  424 
glycogen  in,  564  {note) 
margination  in  inflammation,  228, 
242 

migration,  229,  241 
numbers,  153 
proteolysis  by,  274 
varieties  migrating  in  inflamma- 
tion, 244 
varieties  in  the  anaemias,  171 
Leucocytheemia.    See  LeuchfBmia 
Leucocytosis  and  leucopenia,  153,  179 
after  food,  154 

after  malarial  attacks,  161 
in  carcinoma,  180 
with  orchitic  extract,  632 
artificial,  and  uric  acid  excretion, 
424 

Leucolysis,  182 
Leucopenia,  181 

in  starvation,  154 
Lipochromes,  465 

Lipolytic  ferment  and  fat  necrosis,  446 

and  steatorrhoea,  557 
Liquefaction  in  abscess-formation,  273 
Liquor  pur  is,  268,  270 
Lithsemia,  599,  602  : 
Lithopsedion,  461 

Liver  :  and  coagulation  of  blood,  141 
and  formation  of  urea,  593 
and  phloridzin-diabetes,  567 


Liver:  changes  in  acute  inflammation, 
2'50  ' 
cin-hosis,  480 

extirpation  and  bile-pigments,  609 

functions  in  fever,  418,  421 

glycogenic  function,  563 

infarction  of,  116 

lardaceous  change,  454 

regeneration,  312 

seasonal  variation  of  glycogen  in,  8 
Lowit's  bodies  in  leuchsemia,  170 
Lung :  carnification,  661 

collapse,  655 

diseases   of,   and  disordered  re- 
spiration—see Synopsis,  Chapter 

gangrene,  235,  267 

gaseous  exchange,  656 

oedema,  211 
Lupus,  giant-cells  in,  316 
Lymph  :  characters  of  hepatic,  191 

modifications  and  nutrition,  438 
Lymph -formation,  188  et  seq. 
Lyniphadenoma,  170 
Lymphagogues,  191 
Lyniphangeitis,  281 
Lymphatics  in  absorption,  221 
Lymphocytes  :  and  phagocytosis,  248 

as  common  origin  of  wandering 
cells,  175 

movement  of.  153 
Lympho-sarcoma,  171 
Lysins,  26  (note) 
Lysis,  defervescence  by,  411 


Macrophages,  152 

giant-cells  as,  315 
Malaria  :  anaemia  in,  161 

and  hsemoglobinuria,  541 

and  relapses,  384 

oedema  in,  205 

without  rise  of  temperature,  433 
Malarial  protozoa,  60 
Malignancy,  criteria  of,  487 
Malignant  disease,  oedema  in,  205 

disease  of  lung,  pleural  effusion  in, 
660 

new -growths,  characters  of, -491 
Margaric  acid  in  gangrene,  442 
Margination  of  leucocytes,  228,  242 
Marie's  osteo-arthropathy,  485 
'  Markzellen,'  172  (note) 
'  Masked  '  iron,  463 
'  Mastzellen,'  151,  172 
Mechanical    factors    on  inflammation, 

influence  of,  235,  254 
Medulla  oblongata,  lesions  of,  and  dia- 
betes, 562 

of  bone,  giant-cells  in,  298,  313 
Megaloblasts,  149 

significance  of,  160 
Megaloeytes,  149 

in  pernicious  anromia,  163 
Meltena,  536 
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Melanin,  464  1 

in  malarial  parasites,  161 
kenstruation  :  and  uterine  glands,  312 

and  nervous  prostration,  693 

vicarious,  615 
Mental  symptoms  in  exophthalmic  goitre, 
622 

in  myxoedema,  619  [note) 
Mercury,  salivation  produced  by,  584  _ 
Metabohc  products  and  lymph-formation, 
203,  204 
and  uadema-formation,  207,  208 
Metabolism  :  and  cerebral  lesions,  403 

and  low  external  temperature,  398 
and  rise  of  temperature  in  fever, 

432  : 
effect  of  ana3sthetics  upon,  408 
increased     proteid  metabolism, 
without  rise  of  temperature,  433 
Metachromatic  granules,  14 
Metastases  in  tuberculosis,  sarcoma,  and 

carcinoma,  508 
Micrococcus,  13 
Microcytes,  148 

Micro-organisms  :  and  gall-stones,  605  ^ 
pyogenetic,  277.    See  also  Bacteria 

Microsporidia,  55 

Migraine :  and  asthma,  652 
vomiting  in,  577 

Migration  of  leucocytes,  229,  241 

Milk :  as  a  carrier  of  infection,  335 

excessive  secretion — see  Galactor- 
rhcea 

presence  of  diphtheria  bacUli  in, 
617 

secretion  in  fever,  418 
Miner's  lung,  465 

Moisture,  influence  of,  m  production  of 

hyperthermia,  399 
Mosquito  and  malaria,  51 
Moulds,  11 

Mountain-sickness,  675 

Mouth,  temperature  of,  variations  in,  396 

Mucin,  458 

and  sugar,  569 
Mucoid  change,  457 

in  sarcoma,  493 
Mucous  membranes,  irritation  of,  535 
Mucus,  458 

hyper-secretion,  535 
in  cystitis,  584 
in  diarrhoea,  530 
Multipolar  cells  of  cord  and  nutrition, 

440,  470 
Mummification,  441 
Murmurs,  cardiac  :  characters  of,  71 
physics  of,  73 
variation  of,  75 
Muscles  :  and  thermogenesis,  389 

changes  in  inflammation,  250 
disappearance  of  sugar  in,  564 
formation  of  urea  by,  594 
glycogen,  564  (note) 
repair,  310 
paralysis  of  respiratory,  668 


Muscle-proteids,    coagulation     of,  and 

hyperthermia,  400 
Muscular  work :    and  haimoglobinuria, 
542  (note) 
and  hyperthermia,  400 
and  respiratory  exchange  in  fever, 
422 

and  respiratory  quotient,  398 
Mycelial  forms  and  infection,  835 
'  Myelocytes,'  172,  176 
Myxoedema,  619 

coincident     with  exophthalmic 
goitre,  623 

hypothermia  in,  407 

Natueai.  and  acquired  immunity,  370 
Necrobiotic  degeneration  of  blood-cor- 
puscles, 148 
Negative  chemiotaxis,  243,  244 
Neoplasms,  the,  486 
Nephritis  :  dropsy  of  acute,  209 
dropsy  of  chronic,  210 
in  diabetes,  561 
Nephrotoxic  serum,  590 
Nerve,  regeneration  and  repair  of,  311 
Nervous  disease  and  hypothermia,  406 
'  Nervous  shock,'  697 
Nervous  system  :  and  adrenals,  627 
and  asthma,  651 
and  atrophy,  470 
and  constipation,  578 
and  diabetes  insipidus,  531 
and  diabetes  mellitus,  571 
and  exophthalmic  goitre,  623 
and  glyctemia,  571 
and  growth,  476 
and  heart,  98 
and  heat  regulation,  395 
and  inflammation,  254 
and  nutrition,  440 
and  pigmentation,  627 
and  secretion,  527 
and  thermogenesis,  395,  403 
and  ulceration,  294 
experimental  lesions  and  glycos- 
uria, 565 
fatigue  and  periodicity  of  muscular 

contraction,  690 
in  fever,  422 
Neurasthenia,  constipation  in,  579 
Neuro-secretory  theory  of  diabetes,  571 
New-born,  leucocytosis  of,  154 

polycythaamia  of,  150 
New-growths,  486 

classification,  487 
definition,  486 
fibrous  stroma,  514 
histological  characters,  489 
leucocytosis  with  malignant,  180 
nutritional  changes  of,  493 
pathogenesis,  494 
removal  and  effect  upon  blood,  166, 
181 

transmission,  500 
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Nissl  bodies,  changes  in,  402,  624,  681 
Nitrifying  bacteria,  28 
Nitrogenous    metabolism :     and  anti- 
pyretics, 426 

and  cerebral  lesions,  403 

in  fever,  423 
Normoblasts,  149 
Normothermia,  391 
Nuclei :  and  action  of  toxins,  449 

in  giant-cells,  313 

proliferation  with  atrophy,  473 
Nucleo-albuminuria,  546,  553 
Nucleo-proteid  and  albumin,  destruction 

of,  in  fever,  424 
Nucleo-proteids  and  coagulation,  444 

and  uric  acid  group,  423 
Nutriment  for  proliferating  cells,  264 
Nutrition,  inherited  fault  of  cell  in,  439 

Obstruction,  intestinal :  acute,  579 
chronic,  579 

from  ftecal  accumulation,  581 
Ochronosis,  465 

(Edema:   absence  in  congenital  heart 
disease,  93 

after  hajmostasis,  202 

after  ligature  of  arteries,  205 

and  obstruction  of  lymphatics,  201 

blood-vessels  in,  213 

cachectic,  194,  199,  205 

cardiac,  214,  219 

chlorotic,  194,  206 

Cohnheim's  views,  199 

distribution,  214 

from  poisoning  with  curare,  213 

Hamburger's  views,  201 

inflammatory,  193,  206 

in  lardaceous  disease,  210 

Lazarus-Barlow's  views,  202 

of  lungs,  211 

passive,  193,  197,  207 

'  physiological,'  204 

renal,  194,  200,  208 

Starling's  views,  201 

summary,  218 
CEdema-fluid  :  absorption  of,  220  et  seq, 

coagulation  of,  196 

composition  of,  195 

source  of,  217 
(Edema-formation,  193 

definition,  218 

demand  and  supply  in,  218 

importance  of  blood-vessels  in,  212 

importance  of  tissues  in,  202 
Old  age  and  rigidity  of  thorax,  667 

and    susceptibility    to  infective 
disease,  340 
Oligochromsemia,  164 
Oligocythsemia,  158 

in  febrile  disease,  416 
Oligoplasmia  in  fever,  414 
Onset,  rapidity  of,  and  severity  of  sym- 
ptoms :      in  intra-pericardial 
effusion,  63 
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Onset,  rapidity  of,  and  severity  of  sym- 
ptoms :  in  intra-pleural  effusion. 
661 

in  lobar  pneumonia,  654 

in  orthopncea,  686 

in  pneumothorax,  662 
Orchitic  extract,  action  of,  631 
Orthopncea,  685 
Osmosis  :  and  growth,  478 

in  reference  to  absorption,  222 

phenomena  of,  187 
Osmotic  equilibrium  of  serum,  223 

pressure,  final,  188 
Osteitis,  rarefying,  296 
Osteoclasts  in  caries,  298 
Osteo-malacia,  482 
Osteomyelitis  and  pyaemia,  284 
Ovarian  cysts,  dentigerous,  518 
Ovaries  and  internal  secretion,  631 
Oxalates  and  coagulation  of  blood,  140 
Oxalaturia,  607 

Oxybutyric  acid  in  diabetic  urine,  561, 
576 

in  febrile  urine,  421 
Oxydases,  275 

Oxygen  and  survival  of  heart,  89 

capacity  of  red  blood-corpuscles,  165 
consumption  and  muscular  work, 
398 

deficiency  of,  and  fatty  change,  447, 
451 

and  respiration,  674 
tension  :  and  mountain-sickness,  675 
and  oxyhffimoglobin,  675 
of  alveolar  air,  658 
of  arterial  blood,  657,  658 
Oxyphil  cells,  151 

and  Charcot's  crystals,  169 
and  defence  of  organism,  368 
and  phagocytosis,  248 
at  focus  of  inflammation,  244 
finely  granular,   in  leucocytosis, 
180 

in  the  anaemias,  171 
nature  of  granules,  248 
varieties,  150 
Ozone  and  bacteria,  34 


'  Pabulum  '  and  immunity,  365 
Pain  in  reference  to  shock,  693 

effects  upon  respiration,  666 
Palpitation,  94 

Pancreas :  and  diabetes,  566,  571 
and  fat  necrosis,  445 
and  secretion,  575 
extirpation  and  diabetes,  566 
histological  changes  in  diabetes, 
561 

removal,  and  infection,  341 
Pancreatic  juice  and  steatorrhoea,  556 

and  sthnulation  of  vagus,  571  {note) 
Paracentesis,  faintness  after,  709 
Paralysis    of  respiratory  muscles  and 
respiration,  668 
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Paramcecium  coli,  56 
Paraplastic  granules,  248 
Parasites,  obligatory,  and  contagion,  i534 
Parasitic  theory  of  cancer,  criticism  of, 
503 

theory  of.  new-growths,  501 
Parathyi-oids  and  myxcedema,  624 
Parenchymatous  inflammation,  250 
Parturition,  saprsemia  after,  283 
Passive  immunity,  344 
Pasteur's  culture-medium,  36  (note) 
Pasteurella,  13 
Pathogenicity,  42 

Pathological  sequels  of  inflammation, 

267 
'  Pebrine,'  55 

and  latency  of  disease,  383 

Pellagra,  119 

Pentoses  in  bacteria,  14 

Pentosuria,  559 

Peptone  and  coagulation  of  blood,  141 
Peptonuria.    See  Albumosuria 
Pericardial  effusion,  pathology  of,  60 
Pericardium :  adherent,  64 

diseases  of,  58  et  seq. 

rupture  of  aneurysm  into,  63 
Periodicity  in  breathing.    See  Cheyne- 
Stokes  respiration 

of  nervous  discharge,  experiments 
on,  690 

Periosteum,  inflammation  of,  235 
Peristalsis,  increased,  and  diarrhoea,  529 
Peritonitis,  579 

constipation  in,  578  (note) 
prostration  in,  695 

respiration  in,  262,  666 
Permeability  of  vessel  wall  and  lymph- 
flow,  191 
Pernicious  aneemia,  163 

and  fatty  changes,  448 

and  hasmosiderin,  463 
Pfeiffer's  phenomenon,  355 
Phagocytic  theory  of  immunity,  365 

objections  to,  366 
Phagocytosis :  246 

and  proteolysis,  274 

and  removal  of  bone,  297 

and  removal  of  solid  irritants,  261 

and  immunity,  366 

by  giant-cells,  315 

cells  concerned  in,  248 

nature  of  function,  247 

of  agar-agar,  261 

significance  of,  247,  366 
Phagolysis,  368 

Pharynx,  morbid  conditions  of,  and  dis 

ordered  respiration,  639 
Phenomenon,  Pfeiffer's,  355 
Phleboliths,  146 
Phlegmasia  dolens,  130 
Phloridzin-diabetes,  567 

and  liability  to  infection,  341 
Phosphaturia,  531 

and  diabetes,  561 
Phosphorescence,  25 


Phosphorus,  action  of,  451 

and  fatty  degeneration,  449,  450 

and  hypertrophy,  477 

in  febrile  urine,  424 
'  Pictou  disease '  of  cattle,  480 
Pigmentation,  463 
Pigments  :  htematogenous,  463 

non-htematogenous,  464 

production  by  bacteria,  23 
Piroplasmosis,  55 

Pituitary  body,  general  pathology  of,  629 
and  thyroid  bodies,  relations  be- 
tween, 621,  630 
Pleomorphism  of  bacteria,  37 
Pleurffi  and  pleural  cavities,  658  et  seq. 
Pleural  effusion :  diagnostic  value  of  cells 
in,  239 

effects  upon  respiration,  660 
Pleurisy,  659 

fibroid,  323 

recurrences  of,  659 
Pneumococcus  and  fibrinous  exudations, 
197 

experiments  with,  and  fever,  435 
Pneumonia,  lobar :  gangrene  in,  235,  267 
leucocytosis  in,  179 
loss  of  heat  in,  432 
resolution  of,  259 
respiration  in,  418,  653 
lobular,  649 
Pneumokonioses,  465,  655 
Pneumothorax,  662 

and  shock,  694 
pressure  of  air  within,  664 
'  Pock-marks,'  309 
Poikilocytes,  148 
Poisons  :  and  cloudy  swelling,  460 
and  fatty  change,  448 
and  glycosuria,  560 
and  hajmoglobinuria,  541 
and  shock  and  collapse,  708 
excretion  by  special  paths,  617 
intra-cellular,  27 
'  Polycholia,'  609 
Polycythfemia,  150 

Polyuria,  530  -vj. 
Predisposition.    See  Susceptibility 
Pregnancy,  albuminuria  of,  554 
Pressure  atrophy,  467 

and  rupture  of  aneurysm,  109 
effects  of  altered  intra-pericardial,  60 
of  ascitic  fluid  in  abdomen,  196  _  _ 
Prostate,  hypertrophy  of:  and  micturition, 
653 

and  retention  of  urine,  582 
Proteid  :  and  fatty  changes,  414,  446 
effect  on  osmosis,  223 
formation  of  sugar  from,  569,  575 
heat  value,  389 
in  thermogenesis,  397 
food  :  and  gout,  602 

influence  upon  urremia,  593 
metabolism  :  effect  of  carbohydrate 
diet  on,  575 
in  fever,  423 
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Proteid    metabolism  :     in  phloridzin- 
diabetes,  567 
in  phosphorus-poisoning,  451 
undigested,  in  stools,  545 
Proteolysis  and  abscess-formation,  274 
Protozoa,  digestion  by,  246  (note) 
in  cancer,  503 

in  hffimoglobinuric  fever,  543 

in  malaria,  51 
Pseudo-hypertrophic  muscular  paralysis, 

470,  479 
Pseudo-leuchffimia,  170 
Pseudo-mucin,  458 
Ptyalism,  534,  585 
Puerperal  eclampsia,  554,  596 
Pulmonary  arteries,  obstruction  of,  84 

emphysema,  642 

infarct  and  apoplexy,  116 
Pulsation,  capillary,  135 

venous,  135 
Pulse,  alternating,  96 

intermittence  of,  95 

irregularity  of,  96 

rapid,  94 

slow,  95 

in  fever,  explanation  of  rapid,  417 
retarded,  in  aneurysm,  107 
emallness  of,  in  aneurysm,  107 
Pus,  anaerobic  bacteria  in,  270 
characters  of,  268 
micro-organisms  in,  279 
sterile,  277 
Pus-cells  and  leucocytes,  271 
granules  in,  269 
sources  of,  270 
Putrefaction  :  and  gangrene,  442 
and  sapramiia,  282 
hasmosiderin  in,  463 
of  pus,  270 
Pyffimia,  septictemia,  and  saprssmia,  281 
abscesses  in,  284 

micro-organisms  in,  285 
Pyosmic  abscess  and  cancerous  metastasis, 
509 

'  Pyogenetic  cocci,'  280 

and  lardaceous  change,  455,  456 
Pyonephrosis,  585 
Pyopneumothorax,  663 
Pyi-exia.    See  Fever 


'  QUAETEB-EVIL,'  443 

Quinine,  antifebrile  action  of,  426 


Rabies,  immunisation  against,  345 
Racial  distribution  of  special  diseases,  7 
Rales,  648 

Raynaud's  disease,  119 
Redness  in  inflammation,  232 
References  to  Chapter  I,  9 

Chapter  II,  47 

Chapter  III,  57 

Chapter  IV,  98 

Chapter  V,  138 


References  to  Chapter  VI,  182 

Chapter  VII,  225 

Chapter  VIII,  256 

Chapter  IX,  329 

Chapter  X,  385 

Chapter  XI,  436 

Chapter  XII,  520 

Chapter  XIII,  632 

Chapter  XIV,  691 

Chapter  XV,  709 
Reflexes  in  fever,  422 
Regeneration  of  tissues  in  lower  animals 
300 

Regurgitation,  tricuspid,  73  {note) 
and  venous  congestion,  130 
Relapses,  the  pathology  of,  384 
Relapsing    fever,    microorganisms  in 

attacks  of,  384,  425 
Renal  calculi,  606 
dyspncea,  672 
ojdema,  208 

distribution  of,  215 
Repair :  absence  of  irritation  at  seat  of,  • 
263 

and  pus-formation,  320 
conditions  necessary  for,  262 
identity  of,  266 
nutriment  for  cells  in,  264 
potential :  zone  of,  266 
in  ulceration,  293 
Resolution   and   repair,  association  of, 
258,  263 

comparison  of,  with  inflammation, 
259 

Respiration  :  and  loss  of  heat,  390 
ill  fever,  418 
in  hemiplegia,  669 
in  hyperthermia,  400 
in  hypothermia,  405 
in  lobar  pneumonia,  418,  653 
in  peritonitis,  666 
in  stenosis  of  larynx  or  trachc.i, 
644 

in  the  antemias,  177 
in  the  sexes,  667  (note) 
in  typhoid  fever,  638 
Respiratory  centre  :  and  asthma,  652 

in  Cheyne- Stokes  breathing,  690 
exchange  after  cerebral  lesions,  403 

in  fever,  422 
quotient,  the,  396 
in  diabetes,  570 
Respired  air,  specific  poison  in,  677 
Rest  and  movement,  eiiects  of,  on  inflam- 
mation, 254 
Retention  of  urine,  582 
'Retention  of  urine  with  incontinence,' 
584 

Retention-cysts,  pathology  of,  519 
Rheumatoid  arthritis,  484 
Rhonchus,  648 

Rhythmic  contraction  of  frog's  heart,  690 
Ricin  and  passive  immunity,  345 
Rickets,  483 

anasmia  in,  167 
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Rigor  in  initial  stage  of  fevev.  410 
Rupture  of  blood-vessels,  108  et  seq. 
of  heart,  88 


Sago-spleen,  454 

Saliva :  hyper-secretion,  534 

nerves  concerned  in  secretion,  I 
paralytic  secretion,  471,  535 
secretion  in  fever,  418 

Sapreemia,  282 

Saprophytisni  and  parasitism,  22 

Sarcina,  13  •  u  ion 

Sarcoma,  leucocytosis  with,  181 
yeasts  in,  506 
melanotic,  pigment  in,  464 
and  carcinoma,  characters  of,  491 
Scar,  formation  of,  309,  317 
Scarlatina,  leucocytes  in,  179 
Scarlatinal  albuminuria,  421 
Scirrhus  of  breast,  atrophy  of  cells  in,  49£J 

fibrous  tissue  in,  515 
Scleroderma,  472 
Sclerosis  of  nervous  system,  479 
Season,  effects  of,  upon  disease,  6 
Seborrhoea,  529,  534 
'  Secretin,' 575 

Secretion  and  excretion,  difference  be- 
tween, 524 
*    neiwous  control  of,  527 

internal.    See  Internal  secretions 
Secretions  :  contaminations  of,  525 
external  and  internal,  525 
febrile  alteration  of,  418 
Sedimentation,  phenomenon  of.  See  Pfeif- 

fer's  phenomenon,  ancZ  Agglutination 
Senescence  and  calcification,  460 
Sensation  and  course  of  inflammation, 
254 

Septic  cellulitis,  276 

Septictemia,  clinical  and  bacteriological, 
285 

micro-organisms  in,  285 
Sequestrum,  289 

separation  of,  297 
Sera,  antibacterial  and  antitoxic,  356 

specificity  of,  381 
Serum  :  composition,  185 

germicidal  properties,  353.  See 
also  Blood-serum 
anti-diphtheritic,  preparation  of,  356 
typhoid  and  agglutination,  357 
Serum-albumin,  amount  of,  in  blood- 
serum,  185 
'  Setting '  of  thermotaxic  centre,  428 
Sex-glands  and  internal  secretion,  631 
Shivering  and  superficial  temperature, 
429 

and  thermogenesis,  394 
Shock  :  and  liability  to  infection,  341 
anuria  in,  586 

explanation  of  symptoms  in,  697 
followed  by  collapse,  695  . 
and  collapse,  hypothermia  m,  40j, 
407 


Shock,  symptoms  of,  692 
Sibilus,  648 

'  Side-chain '  theory  of  immunity,  372 

criticisms,  377 
Siderosis,  465 

Sight,  loss  of,  in  diabetes,  560 

■  in  ursemla,  589 
'  Simple '  fracture  of  bone,  321 
Sinus,  299 
Skin-grafting,  300 
Slough,  289 

separation  of,  291 
Snake  venom  and  passive  immunity,  345 
Sneezing,  640 

Sodium  biurate  and  quadriurate,  599 

salts,  percentages  in  various  tissues, 
600 

Softening  of  thrombi,  146 
Spasmodic  asthma.    See  Asthma 
Speeilic  gravity  of  blood :  after  haemor- 
rhage, 160 
in  chlorosis,  164 
in  pernicious  ansemia,  163 
Specificity  of  sera,  381 
Spermatic  influence,  theory  of,  494 
Spinal  cord,  glycosuria  after  lesions  of, 
560 

secretion  of  urine  after  stimulation 
of,  526 

Spine,  curvature  of,  and  modified  re- 
spiration, 666 
Spirillum,  13 

Spleen  :  and  hsematopoiesis,  174 
and  hyperthermia,  401 
lardaceous  changes,  454 
removal  and  infection,  341 
Splenic  anremia,  167 
Spleno-medullary  leuchsemia,  168 
Spore-formation  in  bacteria,  16 
Spores,  inoculation  of  toxin-free,  352 
Staining,  differential,  of  colloid,  mucoid, 

and  hyaline  material,  459 
Stains,  36 

Staphylococcus,  13  . 
Starvation  :  hypothermia  in,  407 
respiratory  quotient  in,  397 
waste  of  tissues  in,  217 
and  oedema  compared,  217 
of  tissues  and  lymph-flow,  204 
of  tissues  in  inflammation,  and  gan- 
grene, 289 
Stasis,  231  . 
Steapsin  in  fat  necrosis,  44b 

in  steatorrhasa,  557 
Steatorrhcea,  555  _ 
Stenosis :  of  air  tubes,  intra-  and  extra- 
thoracic,  652 
of  aortic  valve,  71,  76 
of  larynx  and  trachea,  644 
of  mitral  valve,  72,  80 
Stertorous  breathing,  669  _ 
Stimuli,  action  of  extrinsic,  on  respiratory 

centre,  690  .  ^  ,  •  j 

Stimulus:  etieota  of  different  kinds  on 
cell-proliferation,  310 


I 


734 


INDEX  OF  SUBJECTS 


Stimulus  necessary  for  hypertrophy,  477 
Sting  of  bee,  resolution  of  inflammation 

caused  by,  259 
Stomata  in  blood-vessels,  213 
Streptococcus,  13 
Streptothricese,  11 
Stridulous  breathing,  644 
Submaxillary  gland,  blood-pressure  and 

secretion  of,  -526 
Sudamina,  419 

Sugar  :  amount  in  blood,  547  (note) 
and  gout,  603 
fate  in  body,  563 

in  urine,  559  et  seq.    See  also 
Diabetes  and  Glycosuria, 
and  salt  solutions  for  transfusion 
708 

Sulphuretted  hydrogen,    poisoning  by, 
678 

Sunstroke,  400,  401,  413 
Suppression  of  urine,  586 

absence  of  dropsy  in,  209 
Suppuration  and  lardnceous  change,  452. 
456  o  .  . 

Supra-renal  bodies  and  Addison's  disease, 
625 

extract,  physiological  action  of. 
628 

'  Surgical  kidney,'  585 
Susceptibility  :  acquired,  340 

and  alkalinity  of  blood,  415 
and  immunity,  338  ct  seq. 
individual  natural,  339 
inherited,  346 
natural,  339 
of  diabetic  patients,  560 
Sweat :  excessive  formation,  534 
secretion  in  fever,  419 
glands  as  thermolytic  agents,  390 
Sweating :    cessation    of,    and  hyper- 
thermia, 399 
nerves  concerned  in,  527 
Symbiosis,  39 

and  infection,  352 
'  Synapsis,'  471 

Syncope  :  in  Addison's  disease,  625 

in  obstructive  anuria,  595 
Synopses  :  Chapter  II,  10 

Chapter  IV,  58 

Chapter  V,  100 

Chapter  VI,  139 

Chapter  VII,  184 

Chapter  VIII,  226 

Chapter  IX,  257 

Chapter  X,  330 

Chapter  XI,  387 

Chapter  XII,  437 

Chapter  XIII,  523 

Chapter  XIV,  637 

Chapter  XV,  692 
Syphilis  :  anaemia  in,  165 

and  lardaceous  change,  452,  456 
human  susceptibility  to,  340 
mediate  and  immediate  contagion 
in,  334 


SyiDhilis,  ^congenital :  blood  changes  in, 
infection  in,  346  (note) 


of 


'  Tabby-cat  striation,'  178,  448 
Tachycardia  in  dyspepsia,  (fee.,  94 

in  exophthalmic  goitre,  622 
Tachypnoea,  cardiac,  670 

from  superficial  warmth,  673 
'Tactile  sensibility'  and  migration 

leucocytes,  242 
Tattooing,  466 

Temperature:  and  antagonism  of  drugs  6 
and  bacteria,  8  ' 
classification  of  febrile,  409 
critical  fall,  411 
diurnal  variations,  391 
experimental  variations  in  mouth 
396 

j  external,  and  respiratory  quotient, 

398 

i  high,  and  fatty  changes,  450 

of  blood  in  hepatic  and  portal 

veins,  390 
of  deep  and  superficial  parts,  393 
pseudo-critical  fall,  412 
reduction  by  antipyretics,  426 
rise  in  fever,  431 
superficial,  and  shivering,  428 
variations  in  health,  391 
Testes,  and  internal  secretion,  631 
Tetanus  :  and  symbiosis,  40,  352 

injection  of  toxin-free  spores,  352 
_  in  man  and  lower  animals,  337 
Theories  :  of  Cheyne-Stokes  respiration, 
688 

of  diabetes  mellitus,  569 
of  fever,  427 
of  immunity,  364 
of  inflammation,  325 
of  tumour-formation,  494 
Thermogenesis,  388 

in  diabetes,  570 
in  cerebral  apoplexy,  403 
and  thermolysis  :  after  hot  bath,  398 
relations  between,  392 
Thermolysis,  390 
Thermotaxis  :  as  a  reflex  act,  396 

fever  a  fault  of,  427 
Thirst :   and   susceptibility  to  infective 

disease,  341 
Thorax,  rigidity  of,  and  respiration,  667 
Thrombosis  :  as  cause  of  ischsemia,  117 
blood  factors  in,  143 
septic,  and  pyaemia,  284 
vascular  conditions  of,  117 
Thrombus,  appearances  of,  145 

fate  of,  145 
Thyroid  body  :  changes  in  cretinism,  619 
changes  in  goitre,  619 
relation  to  pituitary  body,  621,  630 
extract,  620,  621,  622 
Thyroidectomy,  experimental,  620 
hypothermia  after,  407 
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Thyroiodin,  622 
'  Tissue-respiration,'  451 
Tissues :  importance  in  cedema-f  ormation, 
•  202 

specific  gravity  in  apocoptic  ple- 
thora, 704 
specific  gravity  in  collapse,  699 
specific  gravity  after  transfusion, 
705  ,  , 

and  blood-vessels,  physiological  rela- 
tions of,  202  (note) 
changes  in  inflammation,  249 
destruction,  products  of,  and  fever, 
426 

'  Tissue-tension,'  and  cyst-formation,  519 

and  hypertrophy,  478 

and  new-growths,  513 
Toluylenediamin,  effects  of  poisoning  by, 

162,  611 
Tongue :  hemiatrophy  of,  471 

in  febrile  disease,  413 
Torulse,  12 
Toxic  anaemias,  162 
Toxins :  and  cells,  448 

and  febrile  temperature,  425 

and  myocardium,  89 

conditions  modifying  formation, 

graduated  doses  and  immunity, 
344 

influence  upon  infection,  352 
also  Bacterial  toxins 

Toxoid,  27  .  A-i,  A 

Trachea,  disorders  of,  and  modified 

spuration,  639,  644 
Transfusion,  701 

Transmission  of  new-growths,  506 
Traube-Hering   curves:    and  Cheyne- 
Stokes  respiration,  690 
in  asphyxia,  683 
in  dyspnoea,  684 
Trauma  and  new-growths,  495 
Trichina  spiralis  and  modified  respiration, 
668 

Trophic  influences  and  inflammation, 
254 

'  Trophic  nerves,'  440 

Tropics,  heat  production  in,  395 

Trypanosoma,  55 

Tsetse-fly  disease,  56 

Tubercles,  calcification  of,  461 

Tuberculosis :  and  predisposition,  346 

bovine  and  human,  351 

compared  with  carcinomatosis  and 
sarcomatosis,  508 

giant-cells  in,  314 

natural    immunity    and  suscep- 
tibility to,  339 

of  adrenals,  629 

recent  decrease  in  England,  342 
pulmonary  :  albuminuria  with,  421 
and  pleural  effusion,  660 
and  pleurisy,  659 
and  pneumothorax,  663 
blood  changes  in,  166 


Tuberculosis,  pulmonary :  cedema  in,  205 
respiration  in,  654 
seasonal  variation  in  activity  of,  7 
Tubules,  renal,  and  albuminuria,  550 
Tumours.    See  New-growths 
Tympanites,  effect  upon  respiration,  668 
Type,  change  of,  in  infective  disease,  336 
maintenance  of :  by  epithelium,  301 
by  new-growths,  492 
Typhoid  fever,  relapses  in,  384 
respiration  in,  638 
suppuration  in,  279 
water  and  epidemics  of,  335 
fever  and  cholera,  toxins  in,  338 
infection  in  man  and  animals,  337 
serum  :  and  agglutination,  355,  357 
ulcer.    See  Ulcer 


See 


re- 


Ulcee  :  chronic  gastric,  295 

corneal,  296 

feecal,  579 

'  indolent,'  293 

later  changes  in,  293 

perforating,  3,  294 

treatment  of  indolent,  264 

typhoid,  290 

varicose,  233,  293 
Ulceration :  process  of,  290 

and  caries,  apparent  differences 
between,  298 

and  formation  of  fistulee,  615 
Ulcerative  colitis,  haemorrhage  in,  537 
Uninuclear  cells:    origin  of,  in  repair, 

304 
Ursemia,  589 

dyspnoea  in,  673 
Urata;mia,  599,  602 

Urea:  and  sugar  excretion  in  diabetes, 
574,  575 
excess  in  diabetic  urine,  561 
experimental  formation  in  kidney, 
595 

formation  by  liver,  593 
formation  by  tissues  other  than 

liver,  593 
intra-vascular  injection,  590 
in  uraemia,  590 

output  after  nearly  complete  extu:- 

pation  of  kidneys,  594 
output  in  fever,  423 
output  in  phosphorus-poisoning, 

450 

Ureters,  dilatation  of,  585 

experimental  ligature  of,  562,  590 
'  Urethral  fever,'  404 
Uric  acid :  alkaline  salts  of,  599 

and  leucocytes,  424 

excretion  in  gout,  597 

excretion  in  lead-poisoning,  604 

output  in  health  and  in  fever.  423 

output  in  uroemia,  589 

source  of,  in  gout,  602 
Urine:  albuinoses  in,  421 

'  ammoniacal,'  618 
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Urine :  diminution  in  intestinal  obstruc- 
tion, 581 

effects  of  blood-pressure  on  secre- 
tion, 525 

incontinence  &c.  in  fever,  422 

intra-vascular  injection  of,  590 

nitrogen  in  health,  423 

presence  of  bacteria  in,  616 

presence  of  bile-salts  in,  611 

presence  of  indican  &e.  in,  615 

retention  of,  582 

salts  in  febrile,  419 

suppression  of,  586 
characters  of :  in  chyluria,  557 

in  diabetes  insipidus,  529 

in  diabetes  mellitus,  560 

in  diabetic  dog,  565 

in  dogs  with  Eck's  fistula,  593 

in  fever  (ague),  419 

in  gout,  597 

in  hfBmaturia,  539 

in  hoemoglobinuria,  540 

in  nephritis,  composition  of,  552 
absolute  retention  of,  583 
and   urea   excretion   after  nearly 
complete  extirpation  of  kidneys, 
594 

partial  retention  of,  583 

later  effects  of  partial  retention, 
584 

Urobilinuria,  162,  163 

Uschinsky's  culture-medium,  36  (note) 

Uterus  :  after  parturition,  468 

new  formation  of  muscle-fibres, 
310 

tumours  of,  and  retention  of  urine, 
582 


Vaccination  and  small-pox,  343 
Vaccinia,  generalised,  285 
Vagus  and  secretion  of  oxygen  in  air- 
bladder  of  fishes,  657 
action  in  asphyxia,  86 
stimulation  of :  and  heart,  696 
and  gastric  secretion,  527 
pancreatic  secretion,  571  {mte) 
and  respiration,  649 
Valves.    See  Heart-valves 
Variola,  inoculation  for,  343 

scarring  in,  309 
Vasomotor  and  thermotaxic  centres,  rela- 
tions of,  395 
'  Vegetations  '  on  cardiac  valves,  66 
Veins :  dilatation,  103 

ligature  and  congestion,  130 


Veins  :  ligature  and  oedema,  202 
Venous   blood-pressure   and   output  of 
lymph,  189  et  seq.,  213 
congestion  and  oedema,  experiments 

on,  202,  213 
pulsation,  135 
Ventilation,  deficient,  effects  of,  677 
Vibrio,  13 

Vicarious  menstruation,  615 
Virulence,  and  occurrence  of  infection, 
350  ' 
Vomiting,  faacal,  580 


Wandering  cells,  150  ct  seq.  See  also 
Blood-corpuscles,  colourless,  aiid  Leuco- 
cytes 

Wasting  in  febrile  disease,  413 
Water  as  a  carrier  of  infection,  335 
Waxy  degeneration.      See  Lardaceous 
change 

Weight,  gain  of,  by  infants,  439  (note) 
'  White  softening,'  111 
Widal's  reaction,  357 
Work- hypertrophy,  475 
Wound  :  healing  of,  316 

healing  of  an  aseptic,  317 
healing  of  a  septic,  319 
granulating,  gradation  of  repau-  in, 
264 

Writer's  cramp,  470 


Xanthin  bases  in  health  and  fever,  423 

in  uraemia,  589 
Xeroderma,  536 
Xerostomia,  535 
X-rays  and  bacteria,  33 

and  rodent  cancer,  498 

Yeasts,  12 

Yellow  fever,  fatty  changes  in,  449 

Zenker's  degeneration,  459 
Ziegler's  '  cells,'  303 

Zones :  around  inflammatory  foci,  232,' 
265 

of  demarcation,  291 
of  potential  repair  in  ulceration, 
293 

of  repair  in  healing  of  fractured 

bone,  321 
of  repair  in  healing  of  wounds, 

317,  319 
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EdS'n'"'2  ^f^'n^n?.<^-?-^;'  Gu^TSpftal  Fifth 

Ji^dition.    2  vols.    777  Illustrations.  42s.net. 
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mew s  Hospital.    5  Coloured  Plates  and  110  Woodcuts.    9s.  Gd. 

Practical  Handbook  of  Diseases  of  the  Eye.  By 
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By  Gu  STAY  us  Hartridge,  F.E.C.S.,  Surgeon  to  the  Eoyal  Westminster 
Ophthalmic  Hospital.  Fourteenth  Edition.  109  Illustrations,  also  Test- 
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Asylums,  Cape  Colony.    38  Plates.  12s. 

A  Manual  of  Diseases  of  the  Skin,  with  an 

Analysis  of  20,000  Consecutive  Cases  and  a  Formulary.  By  Duncan  E 
BuLKLEY,  M.D.,  New  York.    Fourth  Edition.    6s.  6d.  ^^ncan  i^. 

Skin  Diseases  of  Children.    By  Geo.  h.  Fox,  M.D., 

Clinical  Professor  of  Diseases  of  the  Skin,  CoUege  of  Physicians  and 
Surgeons,  New  York.  12  Photogravure  and  Chromographic  Plates  and  60 
niustrations  m  the  Text.    12s.  6d. 

On  Maternal  Syphilis,  including  the  Presence 

and  Eecognition  of  Syphilitic  Pelvic  Disease  in  Women    Bv  John  A 
Shaw-Mackbnzie,  M.D.    Coloured  Plates.    10s.  6d. 

The  Diagnosis  and  Treatment  of  Syphilis.  By 

Tom  Eobinson,  M.D.St.  And.,  Physician  to  the  Western  Skin  Hospital. 
Second  Edition.    3s.  6d.  ^ 

BY  THE  same  AUTHOR. 

The  Diagnosis  and  Treatment  of  Eczema.  Second 

Edition.    3s.  6d. 

Ringworm,  and  some  other  Scalp  Affections  : 

their  Cause,  and  Cure.    By  Haydn  Brown,  L.E.G.P.Ed.  5s. 
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Chemistry      ^  Physics 


Chemistry,  Inorganic  and  Organic.   By  Chaeles 

^  L.B.o™  Ninth  EdLn,  by  J.  M.  Tkomso.,  F.R.S  Professor  of  Chem- 
istry in  Kino-'§  College,  London,  and  A.  G.  Bloxam,  P.LC.  284  J^n 
gravings.  18s.net. 

The  Elements  of  Chemistry.  By  M.  M.  Pattison  Mum, 

MA,  Fello^T  of  CaiusCoUege,. Cambridge.    Illustrated.  10s.6cl.net. 

The  Analyst's  Laboratory  Companion:  a  Col= 

LiTofTlbles  and  Data  for  Chemists  and  Students.   By  A.  E.  Johnson, 
B  So   F  I.e.    Third  Edition.    6s.  6d.  net. 

Commercial  Organic  Analysis :  a  Treatise  on 

etc.'  In  8  vols    By  A.  H.  Allen,  P.LC.    £6  16s.    [Prospectus  on  appli- 
cation.]  .jj.-  c 

Volumetric  Analysis;  or,  the  Quantitative  Esti  = 

mation  of  Chemical  Sv^bstances  by  Meas^u•e    By  Francis  Sutton,  F.C.S., 
PIC    Ninth  Edition.    121  Engravings.  20s.net. 

A  Manual  of  Chemistry,  Theoretical  and  Pr^c= 
Valentin's  Practical  Chemistry.    By  Di.  W.  ^. 

'    „  ry  n  Chemistry   and  Physics   m  the 

in  the  Text.    10s.  net. 

A  Handbook  of  Physics  and  Chemistry  for  the 

^  "fjlt  Board.     By  H.  E.  Cokbxn  B^c.Lond    and  A    M.  St™, 
B  Sc.Lond.    Third  Edition.    165  niustrations.    6s.  Gd.  net. 

A  Treatise  on  Physics.  By  a™w  Gray  LL.D.,  F  Jl  S 

Professor  of  Nattiral  PhUosophy  in  the  University  of  Glasgw.  Vol.  I. 
Digamies  and  Properties  of  Matter.    350  Illustrations.  15s. 

Practical  Chemistry  and  Qualitative  Analysis. 

By  Frank  Clowes,  D.Sc.Lond.,  Pfofessor  of  Chemistry  in  the  Umversity 
Coll.,  Nottingham.     Seventh  Edition.    101  Engravings.    8s.  6cJ. 

Oiiantiitative  Analysis.    By  Frank  Clowes,  D.Sc.Lond., 

^   a^S  B  CoIhaCa.R.C.  Sci.  Dub. ;  Professor  of  Chemistry  South-West 
Lohdon  Polytechnic.    Seventh  Edition.    125  Engravings.  10s. 

BT  THE  SAME  AUTHORS. 

Elementary  Practical  Chemistry.    Fifth  Edition. 

Parti.    General  Chemistry.    75  Engravings.  2s.6cl.net. 
Part  II.    Analytical  Chemistry.    20  Engravings.    2s.  6(1.  net. 

\   Introduction  to  Chemical  Analysis.  By  Hugh  C.  H 

}  Candt  BAB  Sc.,  P.LC,  Lecturer  on  Chemistry  m  the  London  Hospital 

/  Medical  College,  Analyst  to  the  London  Hospital.    3s.  6d.  net. 

)   Researches  on  the  Affinities  of  the  Elements 

\  and  on  the  Causes  of  the  Chemical  Similarity  or  Dissimilarity  of  E  ements 

J  aSd  Compounds.   By  Geoffrey  Martin,  B.Sc.Lond.   Illustrated.  16s.net. 
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Microscopy    ^  Miscellaneous 


The  Microscope  and  its  Revelations.^  By  the 

late  William  B.  Carpenter,  C.B.,  M.D.,  LL.D.,  F.R.S.  Eighth  Edition 
by  the  Eev.  W.  H.  Dallinger,  LL.D.,  F.E.S.  23  Plates  and  more  than 
800  Wood  Engravings.  28s.  HaK-Calf  32s. ;  or,  in  two  vols,  sold  sepaTately, 
cloth,  14s.  each. 

Vol.  I.  The  Microscope  and  its  Accessories. 
Vol.  II.  The  Microscope,  its  Revelations. 

The  Microtomist's  Vade=Mecum  :  a  Handbook 

of  the  Methods  of  Microscopic  Anatomy.  By  Arthur  Bolles  Lee.  Sixth 
Edition.    15s.  net. 

The  Quarterly  Journal  of  Microscopical  Science. 

Edited  by  Sir  Ray  Lankester,  K.C.B.,  M.A.,  D.Sc,  LL.D.,  F.R.S.  Each 
Number,  10s.  net. 

Manual  of  Botany,  in  two  Yds.  By  J.  Reynolds 
Green,  Sc.D.,  M.A.,  F.R.S.,  late  Professor  of  Botany  to  the  Phai-macentical 
Society. 

Vol.1.  Morphology  and  Anatomy.   Tliird  Edition.   778  Engravings.   7s.  6(£. 
Vol.  II.  Classification  and  Physiology.    Second  Edition.    466  Engravings. 
^lOs. 

BY  THE  same  AUTHOR. 

An  Introduction  to  Vegetable  Physiology.  Second 

Edition.    182  Illustrations.    10s.  6fL  net. 

Plant  Anatomy  from  the  Standpoint  of  the 

Development  and  Functions  of  the  Tissues  and  Handbook  of  Micro- 
Techhic.  By  William  Chase  Stevens,  Professor  of  Botany  in  the 
University  of  Kansas.    136  Illustrations.    10s.  M.  net. 

Therapeutic  Electricity  and  Practical  Muscle 

Testing.  By  W.  S.  Hedley,  M.D.,  in  charge  of  the  Electro-therapeutie 
Department  of  the  London  Hospital.    110  Illustrations.    8s.  6d. 

A  Manual  for  Hospital  Nurses  arid  others  en= 

gaged  in  attending  on  the  Sick.  By  Edward  J.  Domville,  L.R.C.P.Lond., 
M.R.C.S.Eng.,  Surgeon  to  the  Royal  Devon  and  Exeter  Hospital.  Ninth 
Edition.    Is.  6rf.  net. 

Nursing,  General,  Medical,  and  Surgical,  with 

an  Appendix  on  Sickroom  Cookery  and  Dictionary  of  Medical  Terms.  By 
Wilfred  J.  Hadley,  M.D.,  F.R.C.P.,  Physician  to  the  London  Hospital. 
Second  Edition.    3s.  6c?.  net. 

St.  Thomas's  Hospital  Reports.    By  the  Medical 

and  Surgical  Staff.    Vol.  XXXIV.    New  Series.    8s.  M.  net. 

Guy's  Hospital  Reports.    By  the  Medical  and  Surgical 
Staff.    Vol.  XL VI.    Third  Series.    10s.  6ci.  net. 
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